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Commonwealth  Edison  Compmny,  Chicago,  III. 

C  H  Allen  H  T  Hughes 

E  H  Davis  H  C  Hopson  W  A  Jones 

E  D  Dkxyfus  a  C  Van  Driesen 

Cost  Accounting  and  Statistics 
A  D  Spencer,  Chairman 

The  Detroit  Edison  Company,  Detroit,  Mich. 

W  E  Long  A  C  Van  Driesen 

B  C  Taylor  T  J  Walsh 

Customers'  Records  and  Billing  Me^ods 

H  C  ScHLEGEL,  Chairman 
The  New  York  Edison  Company,  New  York  City 

R  F  Bonsall  I  S  Hall 

A  E  Dickson  A  S  Hall  H  T  Hughes 

E  J  Fowler  J  D  Jacobus 

Form  of  Annual  Report  to  Commissions 

W  T  Meyers,  Chairman 
The  United  Electric  Light  ft  Power  Co.,  New  York  City 

H  R  Frost  H  R  Kern 

C  H  HoDSKiNSON  W  A  Jones  G  M  Moore 

W  E  Houghton  R  H  Smith 

Merchandising  Accounting 

F  A  Birch,  Chairman 
The   Philadelpliia  Electric  Co.,    Philadelphia,   Pa. 

H  E  Addenbrookb  C  W  Johnson 

W  E  Best  F  L  Hall  H  B  Lohmeyer 

L  A  Coleman  F  H  Patterson 

Operating  Records 

C  A  White,  Chairman 
The  Edison  Electric  Illtiminating 'Co.  of  Boston,  Boston,  Mass. 

W  R  Dykb  H  B  Lohmeyer 

E  J  Fowler  G  P  Landwehr  E  C  Scobell 

R  B  Grov»  H  a  Snow 

thurchtsing  and  Storeroom  Accounting 
W  F  Stevens,  Chairman 

The  Edison  Electric  Illuminating  Co.  of  Boston,  Boston,  Mass. 

K  C  Campbell  •        C  E  Marden 

R  W  Crowell  H  F  Frasse  W  J  McCullough 


COMMERCIAL   SECTION 

Officers  and  Committees,  1918-1919 
C  J  Russell,  Chairman 

The    Philadelphia   Electric   Company,    Philadelphia,    Pa. 

John  G  Learneik  Vicc-Chairman 
Public  Serrice  Company  of  Northern  Illinois,  Chicago,  111. 

M  S  Seelman,  Jr,  Vice-Chairman 
Brooklyn  Edison  Company,   Inc.,  Brooklyn,  N.   Y. 
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Henky  Harris,  Secretary 
Duquetne  Light  Company,  Pittsburgh,  Pa. 

A  Jackson  Marshall,  Executive  Representative 

N.E.L.A.  Headquartera,  New  York  City 


EXECUTIVE  COMMITTEE 


M  O  Dellplain 
E  A  Edkins        ' 
FH  Gale 

W   H   HODGB 

Oliver  R  Hogub 


Thomas  F  Kelly 
S  M  Kennedy 
H  R  King 
J  C  McQxnsTON 


C  E  Michel 

F  D  PkMBLETON 

A  A  Pope 
James  R  Strong 
R  H  Tillman 


Commercial  Sendee  and  Relations  With  Customers 

R  F  Bonsall,  Chairman 

Consolidated  Gas,  Electric  Light  &  Power  Company,  Baltimore,  Md. 

L  A  Coleman  H  M  Simkins 

F  F  Kellogg  F  H  Patterson  Clare  N  Stannard 

L  F  MowRY  Harold  Wright 

Compensation  of  Salesmen 

C  J  Russell,  Chairman 
The  Philadelphia  Electric  Company,  Philadelphia,  Pa. 

F  D  Beardsleb  ^  h  Glenn  R  Trumbull 


P  J  Denningbr 


O  R  HOGUE 


L  R  Wallis 


Co-ordinate  Advertising  and  Sales  Campaigns 


N    H    BOYNTON 

J  E  Davidson 
W  L  Frost 
FH  Gale 
L  D  Gibbs 


Henry  Harris,  Chairman 

Duquesne  Light  Company,  Pittsburgh,  Pa. 

F  D  Pemberton 
D  H  Howard  Charles  J  Russell 

John  G  Learned  M  S  Seelman,  Jr 

H  N  McConnell  P  L  Thomson 

J  C  McQuiSTON  J  M  Wakeman 

Education  of  Salesmen 


Fred  R  Jenkins,  Chai 

Commonwealth  Edison  Company, 


George  G  Bowen 
W  W  Briggs 
John  A  Britton 
A  W  Childs 
Rawson  Collier 
F  A  CouPAL 
F  A  DeLay 
J  F  Derge 
C  S  Emmert 
T  P  Gaylord 


H  J  GiLLE 

L  C  Haskell 
M  H  Hendee 
George  R  Jones 
H  R  JCiNG 
F  A  Leach,  Jr 
R  B  Mateer 
W  T  McIntyre 

Electric  Range 


rman 
Chicago,   111. 

M  C  Osborn 
W  S  Robertson 
C  R  Rudy 
Joseph  B  Seaman 
F  J  Sill 
W  M  Skiff 
Clare  N  Stannard 
L"R  Walus 
R  F  Whitney 
C  E  Yacoll 


C  E  Michel,  Chairman 
Union  Electric  Light  ft  Power  Company,  St.  Louis,  Mo. 


John  Abbink 
J  P  Clayton 
J  D  A  Cross 
Theodore  Dwight 
C  E  Greenwood 
George  A  Hughes 


Hartwell  Jalonick 
J  F  Killeen 
C  N  Lewis 
B  S  Manuel 


J  H  RiSSER 

J  F  Roche 
R  B  Snyder 
Adolph   Strauch 
F  A  Wright 
H  E  Young 
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Blectrical  Salesman's  Handbook 

R  H  Tillman,  Chairman 
Consolidated  Gas,  Electric  Light  &  Power  Company,  Baltimore,  Md. 

E  W  AcKERMAN  T  D  Rose 

C  J  CaRLSEN  I    LUNDGAARD  G    H    StICKNEY 

J  M  CuRTiN  S  S  Neu  E  F  Tweedy 

R  B  Grove  W  H  Onken,  Jr  EL  Wilder 

Finance 

John  G  Learned,  Chairman 

Public  Service  Company  of  Northern  Illinois,  Chicago,  111. 

F  H  Gale  J  C  McQuiston 

Merchandising 

E  R  Davenport,  Chairman 

Narragansett  Electric  Lighting  Company,  Providence,  R.  I. 


L  C  Cass 
J  E  Davidson 
C  F  Farley 
C  E  Greenwood 


F  M  Feiker 
Clyde  A  Flint 
R  E  Flower 
J  F  Killeen 


Public 

F  D  Beardsleb 

N    H    BOYNTON 

W  H  Easton 
F  H  Gale 
L  D  Gibbs 
Henry  Harris 
A  W  Hawks,  Jr 


Representing  Central  Stations 

C  E  Michel 
Henry  Harris  F  D  Pembleton 

O  R  Hogue  Dorsey  R  Smith 

William  S  Wallace 

Representing  Manufacturers 

M  C  Morrow 
A  G  Kimball  M  Schwarz 

H  a  Lewis  W  S  Templin 

L  H  Mertz  J  M  Wakeman 

Publications 

F  D  Pembleton,  Chairman 

Service   Electric  Company,   Newark.   N.  J. 

J  C  McQuiston 


W  H  Hodge 
D  H  Howard 
J  S  Kennedy 

J   E   McKlRBY 
A    C    McMlCKEN 


L  H  Newbert 

C    H    PlERSON 

M  S  Seelman,  Jr 
Philip  L  Thomson 
Earl  E  Whitehorne 
R  R  Young 


Sale  of  Company  Securities  to  Customers  and  Resident  Citizens 

W  H  Hodge,  Chairman 
H.    M.    Byllesby   &   Co..   Chicago,   111. 

A  N  Kemp  C  L  Van  Valkenburg 

H  Spoehrer  P  H  Whiting 

E  F  Stone  C  E  Yacoll 


Frankun  L  Hall 

C  M  Hamilton 

A  F  Hockenbeamer 


Wiring 

R  S  Hale,  Chairman 
'    The  Edison  Electric  Illuminating  Company  of  Boston,  Boston,  Mass. 

S  E  Doane,  Vice-Chairman 
National  Lamp  Works  of  General  Electric  Co..  Cleveland,  Ohio 

H  W  Buvin  Farley  Osgood 

Rawson  Collier  D  A  Hegarty  A  A  Pope 

Theodore  Dwight  J  A  Hunnewell  H  R  Sargent 

A  P  Good  T  A  McDowell  R  H  Tillman 

E  A  Hawkins  E  R  Northmore  H  H  Wood 
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LIGHTING  SALES  BUREAU 


C  L  Law,  Chairman 
The  New  York  Edison  Company,  New  York  City 

A  Jackson  Marshall,  Secretary 
N.E.L.A.  Headquarters,  New  York  City 


P  H  Bartlett 
F  D  Beardsleb 

N   H   BOYNTON 

A  M  Chilos 

C   G   DtJRFEE 

w  a  durgin 
Ward  Harrison 

O  R  HOGUE 

E  N  Hyde 


EXECUTIVE    COMMITTEE 


C  W  Johnson 

A    C    McMlCKEN 

H  I  Markham 
E  A  Mills 
M  C  Morrow 
L  H  Newbert 

M   C  OSBORN 

A  L  Powell 


W  R  Putnam 
G  Bertram  Regar 
Fred  Scheel 
Thomas  Sproulf 
E  F  Stone 
E  E  Whitehorne 

A    S    WiTMER 

H  E  Young 
George  Wiluams 


LIGHTING  SALES  BUREAU  COMMITTEES 
Commercial  Aspects  of  Lamp  Equipment 


K  E  Adams 
J  H  Allen 
F  D  Beardslee 
W  T  Blackwell 
S  B  Burrows 
E  L  Callahan 
R  C  Close 


O  R  Hogue,  Chairman 
Commonwealth  Edison  Company,  Chicago,  HI. 

Burleigh  Currier 
J  F  Derge 
f  h  golding 
Ward  Harrison 
Otis  L  Johnson 
P  O  Kennedy 
C  L  Law 


A   H   LORING 

H  C  Meredith 
A  A  Pope 
A  L  Powell 
G  Bertram  Regar 
J  L  Stair 

W  A  WOLLS 


Commercial  Aspects  of  Street  and  Highway  Lighting 

Rochester 


C  G  DuRFEE,  Chairman 
Railway  ft  Light  Company,  Rochester,  N.   Y. 


R  C  Bach 
C  M  Benedict 
D  K  Chadbourne 
H  O  Clark,  Jr. 
W  E  Clement 
C  A  Dean 
W  T  Dempsey 
Walter  L  Hareden 


John  West,  Vice-Chairman 

C.  H.  Tenney  ft  Co.,  Boston,  Mass. 


Ward  Harrison 
M  H  Hendee 
C  W  Johnson 
Drew  Johnston 
w  f  kohlbecker 
Harry  S  Lofquist 
W  H  McBrtoe 
George  A  Mau 


M  C  Morrow 
W  R  Putnam 

W  H  ROUNSON 

J  H  Ross 

C  W  RUPRECHT 

W  R  Sammons 
John  V  Strange 
J  A  Summers 


Electrical  Advertising 

E  A  Mills,  Chairman 
The  New  York  Edison  Company,  New  York  City 

H    I    Markham,   Vice-Chairman 

Federal  Sign  System   (Electric),  Chicago,  III. 


R  P  Burrows 
L  R  Crawford 
C  A  Dean 
C  J  Eaton 
R  E  Harrington 


E  R  Kelsey 
W  H  McBrtoe 
W  H  McIntyre 

J  C  McQuiSTON 

Earle  L  Miluken 


F  H  Murphy 
L  H  Newbert 
E  S  Peixing 
Eluott  Reid 
W  R  Sammons 
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Industrial  Lighting 

WiLUAM  A  DuRGiN,  Chairman 
Commonwealth  Edison  Company,  Chicago,  111. 

F  O  Broili  J  T  Huntington  J  W  Rin^F 

G  T  Dunklin  O  L  Johnson  W  R  Sammons 

R  B  Ely  W  H  McBride  J  L  Stair 

F  L  Frizzel  C  a  Mau  H  D  Stokes 

W  H  Hamilton  F  H  Murphy  F  C  Taylor 

M  H  Hendee  L  F  Riegel  G  B  Walker 

Lighting  of  Public  Buildings 

G  Bertram  Regar,  Chairman 
The  PhiUulelphim  Electric  Compaar,  Philadelphia,   Pa. 

Ward  Harrison,  Vice-Chairman 

*  National  Lamp  Works  of  General  Electric  Co.,  Qeveland,  Ohio 

M  T  Blackwell  O  R  Hogue  A  B  Oday 

H  A  Brooks  C  L  Law  J  L  Stair 

F  a  Gallagher  W  H  McBride  C  S  Walton 

Outdoor  Lighting 

H  H  Magdsick,  Vice-Chairman 
National  Lamp  Works  of  General  Electric  Co.,  Cleveland,  Ohio 

N  R  Birge  Eluott  Rbid 

D  K  Chadbourne  W  G  Marthai  William  A  Root 

CAB  Halvorson  W  Reed  J  L  Stair 

H    W    KORHAMMER  C  J   VaN  GiESON 

Possible  Causes  of  Decrease  in  Revenue  and  Suggestions  for 
Remedying  Such  Conditions 

George  Wiluams,  Chairman 

H.  L.  Dohertj  &  Co..  New  Yoric  City 

L  C  Spake,  Vice-Chairman  '    . 

Electrical  Worid,  New  York  City 

F    W    BOLDENWECK  A  C  McMlCKEN 

George  B  Foster  Thomas  F  Kennedy      H  N  McConnell 

H  J  Gille  a  K  Young 

Residence  Lighting 

C  W  Johnson,  Chairman 

Hodenpyl,  Hardy  &  Co.,  Jackson,  Mich. 

Edwin  Mandeville,  Vice-Chairman 
Worcester  Electric  Light  Company,  Worcester,  Mass. 

C  M  Benedict  Robert  B  Ely  Fred  H  Scheel 

J  C  Chestnut  F  A  Gallagher  J  H  Slade 

W  B  Christie  John  S  Hogan  H  T  Spaulding 

Charles  A  Collier        A  E  Lennox  F  C  Taylor 

J  F  Derge  Lewis  A  Lewis  G  W  Uzzell 

S  C  DowuNG  W  A  McKay  George  H  Watson 

C  J  Eaton  F  H  Murphy  A  B  Wollaber 

Store  Lighting 

A  L  Powell,  Vice-Chairman 
Edison  Lamp  Works,  Harrison,  N.  J. 

Charles  T  Barnes        E  Mandeville  H  T  Spaulding 
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POWER  SALES  BUREAU 
George  H  Jones,  Chairman 

Commonwealth  EdUon  Company,  Chicago,  111. 

C  H  Stevens,  Vice-Chainnan 
Leslie,  Sterent  Company,  New  York  City 

H  H  Holding,  Secretary 
Public  Senrice  Electric  Company,  Newark,   N.  J. 


EXECUTIVE  COMMITTEE 


F  W  Boldenweck 
E  L  Crosby 

J  M  CURTIN 

M  C  Oilman 

O  R  HOGUE 


Officers  and 

C  A  Kelsey 
M  G  Kennedy 
R  H  Knowlton 
I  Lundgaard 


E  S  Mansfield 
Charles  J  Russei.i 
Sidney  G  Vigo 
N  T  Wilcox 
E  L  Wilder 


ORGANIZATION  OF  WORK 
Electro-Chemical  Division 

Chas  J  Russell,  Chairman 
Philadelphia  Electric   Company,   Philadelphia,    Pa. 

General  Power  Division 

R  H  Knowlton,  Chairman 

United  Gas  Improvement  Company,  Philadelphia.  Pa 

Industrial  Electric  Heating  Division 

E  L  Crosby,  Chairman 
Detroit   Electric   Furnace   Company,   Detroit,    Mich. 

Isolated  Plant  Divisioi^ 

I  Lundgaard,  Chairman 
Rochester  Railway  &  Light  Company,  Rochester,  N.  Y. 


ELECTRIC  VEHICLE  SECTION 

Officers,  1918-1919 

E  S  Mansfield,  Chairman 
The   Edison    Electric   Illuminating   Company   of    Boston,    Boston,    Mass. 

George  B  Foster,  Vice-Chairman 
The  Commonwealth  Edison  Company,  Chicago,  III. 

H  M  Edwards,  Treasurer 
The  New  York  EdUon  Company,  New  York  City 

A  Jackson  Marshall,  Secretary 
N.E.L.A.    Headquarters.   New  York  City 

EXECUTIVE  COMMITTEE 
Officers  and 


Charles  Blizard 
E  P  Chalfant 
Gaylord  a  Freeman 
Frank  W  Frueauff 


Walter  H  Johnson 
T  I  Jones 
James  H  McGraw 
Frank  W  Smith 


H  G  Thompson 
Charles  A  Ward 
E  R  Whitney 
Arthur  Williams 
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STANDING  COMMITTEES 

Federal  and  Municipal  Transportation 

James  H  McGraw,  Chairman 
McGraw  Publishing  Company,  New  York  City 

Frank  W  Smith,  Vice-Chainnan 
The  United  Electric  Light  &  Power  Company,  New  York  City 

F  M  Feiksr  C  M  Marsh  C  A  Ward 

W  P  Kennedy  C  A  Street  E  R  Whitney 

Garage  and  Rates 

C  H  Miles.  Chairman 
The  Edison  Electric  Illuminating  Company  of  Boston,  Boston,  Mass. 

E  P  Chalfant  Walter  Neumuller 

Henry  Harris  C  M  Marsh  Harry  Salvat 

George  H  Jones  C  H  Meeker  F  F  Sampson 

Bernard  Lester  Willis  M  Thayer 

Insurance 

Day  Baker,  Chairman 
41  Ferdinand  Street,  Boston,  Mass. 

W  H  Blood,  Jr,  Vice-Chairman 
Stone  ft  Webster,  Boston,  Mass. 

A  H  Manwaring  C  A  Ward 

Legislation 

G  A  Freeman,  Chairman 
Walker   Vehicle   Company,    Chicago,   111. 

Charles  Blizard  Frank  W  Smith  H  G  Thompson 

E  P  Chalfant  Frank  J  Stone  C  A  Ward 

Manufacturers  and  Central  Station  Cooperation 

George  B  Foster,  Chairman 
Commonwealth  Edison  Company,  Chicago,  111. 

C  A  Ward,  Vice-Chairman 

Ward  Motor  Vehicle  Company,  Mt.  Vernon,  N.  Y. 

W  H  Atkins  G  A  Freeman  C  E  Michel 

J  M  Brown  W  W  Freeman  Frank  W  Smith 

F  Nelson  Carle  J  D  Israel  Clare  N  Stannard 

A  C  Downing  Fred  M  Kimball  Mathias  Turner 

L  A  Ferguson  F  S  Komp  Fred  R  White 

W  A  Fox  James  H  McGraw  E  R  Whitney 

Membership 

G  A  Freeman,  Chairman 
Walker   Vehicle   Company,    Chicago,    111. 

I  S  Hall,  Vice-Chairman 
Charles  H.  Tenney  ft  Co.,  Boston,  Mass. 

R  S  Dunning  J  F  Rogan 

F  C  Gibson  Taliaferro  Milton        H  L  Schneider 

N  B  Hazeltine  C  a  Ogden  H  A  Tewksbury 

Motion  Picture  Film 

Carl  H  Reed,  Chairman 
Electric  Storage  Battery  Company,  Philadelphia,  Pa. 

S  W  Menafeb 
F  Nelson  Carlb  George  D  Smith  J  M  Wakeman 
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Standardisation 
E  R  Whitney,  Chairman 

Commercial    Truck   Company    of    America,    Philadelpliia,    Pa. 
E  J  Bastlett 
S  Baldwin  Bruce  Ford  H  R  Smith 


Traffic  and  Good  Roads 

A  C  Downing,,  Chairman 
Anderson  Electric  Car  Company,  Detroit,  Mich. 

Transportation  Engineering  Committee 


E  J  Bartlett 
Charles  Buzard 
J  B  N  Cardoza 
C  K  Chapin 
George  B  Foster 
G  A  Freeman 


F  M  Feiker,  Chairman 
The  Electrical  World,  New  York  City 

H  H  NORRIS 

Fred  R  Jenkins  Frank  W  Smith 

£  S  Mansfield  George  Drake  Smith 

A  Jackson  Marshall  Wilus  M  Thayer 
Charles  H  Miles  Charles  A  Ward 

E  R  Whitney 


TECHNICAL  AND   HYDRO-ELECTRIC  SECTION 
Officers,  1918-1919 

R  J  McClelland,  Chairman 
Electric    Bond  and   Share   Company,   New   York  City 

H  A  Barre,  Vice-Chairman 
Southern  California  Edison  Company,  Lot  Angeles,  Cal. 

J  E  Davidson,  Vice-Chairman 

Nebraska   Power   Company,  Omaha,   Nebr. 

J  T  HuTCHiNGS,  Vice-Chairman 
Rochester  Railway  &  Light  Co.,  Rochester,  N.   Y. 

W  C  Anderson,  Secretary 
N.E.L.A.   Headquarters,   New   York  City 

EXECUTIVE    COMMITTEE 
Officers,  Committee  Chairmen  and 

I   E   MOULTROP 

M  R  Bump  H  H  Scott  Thomas  Sproule 


H  Carl  Albrecht 
R  E  Burger 
H  W  Eales 
L  L  Elden 

H    L   FULLERTON 

S  B  Irelan 
L  M  Klauber 
G  L  Knight 


STANDING  COMMITTEES 

Electrical  Apparatus 

R  F  Schuchardt,  Chairman 
Commonwealth  Edison  Company,  Chicago,  III. 


A  H  Lawton 

S  J   LiSBERGER 

A  S  McDowell 
A  A  Meyer 
J  F  Neild 

G    E    QUINAN 


E  A  QuiNN 
F  E  Ricketts 
H  H  RuDD 
N  H  Stahl 
R  H  Tapscott 
M  O  Troy 
W  K  Vanderpoel 
H  L  Wallau 
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Meters 

F  V  Magalhaes»  Chairman 
The  New  York  Edison  Company,  New  York  City 


A  S  Albright 

R  M    BOYKIN 

F  H  Chamberlain 
J  S  Cruikshank 
B  Currier 
c  g  durfee 
Wm  Eichert 


C  P  Carman 
F  R  Healy 
C  H  Ingalls 
C  J  Kellam 
Otto  Knopp 


J  C  Langdell 

M   H   PiTTMAN 

C  O  Poole 
C  J  Theleen 
a  g  turnbull 
Wm  Volkmann 
W  L  Wads  WORTH 


Overhead  Lines  and  Inductive  Interference 

A  E  Silver,  Chairman 
Electric  Bond  and   Share  Co.,  New  York  City 


R  L  Baker 

Markham  Cheever 

R  D  Coombs 

A  A  Dion 

E  D  Edmonston 

John  B  Fisken 

H  B  Gear 


R  H  Halpenny 
T  F  Johnson 
T  O  Kennedy 
J  C  Martin 
W  E  Mitchell 
W  T  Morrison 
B  E  Morrow 


C  B  Oliver 

C  S  RUFFNER 

Thomas  Sproui.f 
John  B  Taylor 
W  R  Thompson 
W  K  Vanderpoei. 

J  E  WOODRIDGE 


Prime  Movers 

N  A  Carle,  Chairman 
Public  Service   Electric  Company,  Newark,   N.  J. 

R  D  DeWolfe,  Sec'y' 

C  M  Allen  F  D  Nims 

A  D  Bailey  J  M  Graves  G  W  Saathoff 

E  J  BiLUNGS  H  Harisberger  E  H  Tenney 

W  E  Carter  J  B  Klumpp  O  G  Thurlow 

R  E  Dillon  H  P  Liversidge  J  A  Walls 

P  M  Downing  I  E  Moultrop  John  Wolff 

Louis  Eluott  A  J  Macdougall  H  P  Wood 

W  W  Erwin  R  J  C  Wood 

Underground  Construction  and  Electrolysis 

E  B  Meyer,  Chairman 
Public  Service  Electric  Company,  Newark,  N.  J. 


H  B  Alverson 
WH  Cole 
L  L  Elden 
L  A  Herdt 
F  B  Lewis 


L  T  Merwin 
A  A  Meyer 

H  N  MULLER 

J  B  NoE 


R  C  Powell 
W  E  Richards 

F  E  RiCKETTS 

D  W  Roper 
L  S  Streng 
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FIRST  TECHNICAL  AND  HYDRO-ELECTRIC 
SESSION 

Tuesday,  May  20,  1919 

M.  R.  Bump,  Chairman. 

R.  J.  McClelland,  Vice  Chairman. 

The  Chairman  called  the  meeting  to  order  at  2 :05  p.m. 

The  Chairman:  The  first  session  of  the  Technical  and 
Hydro-Electric  Section  will  please  come  to  order. 

The  first  order  of  business  is  the  Address  of  the  Chairman 
of  the  Section,  Mr.  R.  J.  McClelland. 
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convention  address  of  chairman 
McClelland 

I  am  just  returning  from  a  several  months'  trip  around  the 
United  States,  and  the  first  thing  I  find  facing  me  here  is  an 
address.  It  must  suffice  to  say  that' I  have  had  no  opportunity  to 
prepare  any  address,  and  I  doubt  whether  a  formal  written  ad- 
dress would  have  added  anything  to  the  value  of  this  meeting. 

I  will  merely  endeavor  to  express  certain  thoughts  which  have 
for  some  time  been  in  my  mind  which  seem  appropriate  to  this 
occasion,  although  probably  they  will  have  no  particular  connec- 
tion with  our  Technical  Sessions.  I  feel  that  the  work  of  the 
various  Committees  of  the  Technical  Section  has  been  in  such 
able  hands,  and  that  there  will  be  such  opportunity  for  the  Com- 
mittee Chairmen  and  members  to  set  forth  their  ideas,  that  there 
is  no  occasion  for  me  to  touch  upon  the  subjects  which  will  be 
brought  out  in  this  meeting,  and  in  the  other  meetings  which 
will  follow. 

This  is  a  meeting  primarily  of  engineers.  I  do  not  propose 
to  go  far  into  the  much  discussed  question  of  the  status  of  the 
engineer,  but  there  is  one  point  which  I  wish  to  emphasize,  and 
that  is  the  responsible  position  held  by  the  engineer  in  this  cru- 
cial period  of  commercial  and  industrial  reorganization,  when  so 
many  idle  and  bombastic  theories  are  floating  about,  and  there  is 
so  much  talk  of  radical  social  and  economic  movements.  I  feel 
that  the  success  of  our  Association  and  all  associations  of  or- 
ganized industries,  as  well  as  the  success  of  the  industries  them- 
selves, depends  upon  the  intelligence  and  foresight  of  the  indi- 
viduals who  take  an  active  and  leading  part  in  them.  Foremost 
among  these  should  be  the  engineers.  There  is  every  reason 
why  the  engineer  should  be  foremost.  That  he  is  not  is  due 
to  his  own  limitations,  limitations  not  inherent  but  remediable. 
Mr.  E.  W.  Rice,  Jr.,  several  years  ago  gave  an  excellent  exposi- 
tion of  this  subject  before,  I  believe,  the  American  Institute  of 
Electrical  Engineers.  He  stated  at  that  time,  that  in  the  United 
States  Congress  there  were  two  men  educated  as  engineers,  both 
in  the  House.  Recently  in  the  West  an  engineer  has  been 
elected  as  Governor  of  a  State,  a  man  who  had  been  State  En- 
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gineer  for  a  number  of  years.  This  is*a  hopeful  sign.  The 
small  part  taken  by  the  engineer  in  the  larger  handling  of  things 
is  without  question  due  to  the  engineer  himself.  Among  bank- 
ers and  the  executives  of  large  undertakings,  men  who  must 
analyze  and  pass  upon  engineering  problems,  you  will  find  a 
tendency  to  question  and  disparage  the  recommendations  of  en- 
gineers. This  comes  about  through  the  engineer  being  too  in- 
tense, too  much  wrapped  up  in  his  own  particular  subject 
either  to  be  interested  in  or  to  study  those  fundamental  prob- 
lems which  control  the  decisions  of  executives  and  bankers. 

After  all  we  must  realize,  as  I  am  sure  many  do,  that  it  is 
the  financial  aspect  which  controls  the  operation  of  our  com- 
mercial undertakings.  If  engineers  as  a  body  have  not  earned 
the  complete  confidence  of  executives,  it  is  because  these  execu- 
tives have  found  in  *their  experience  that  the  engineers 
have  suggested  and  recommended  operations  and  undertaking^ 
which  were  not  commercially  sound  or  which  were  not  feasible 
at  the  particular  time  or  under  the  particular  circumstances  in- 
volved. Had  these  engineers  given  thought  and  study  to  the 
financial  conditions  of  the  enterprise,  they  would  probably  not 
have  made  such  recommendations  or  at  least  would  not  have 
made  them  in  the  way  they  did. 

The  executives  and  directing  heads  of  large  undertakings 
have  practically  all  of  them  had  their  earlier  experience  along 
relatively  specialized  lines.  Most  of  ttieni  have  been  lawyers  or 
business  men.  Their  assumption  of  executive  responsibilities 
implies  a  broadening  of  judgment  and  capabilities.  I  feel  strongly 
that  if  the  engineer  can  demonstrate  a  similar  ability  to  broaden 
his  scope,  he  should  be  the  best  equipped  man  in  the  world  to 
fill  any  executive  position,  because  his  whole  training  and  ex- 
perience for  many  years  has  taught  him  to  analyze  actual  facts 
thoroughly,  consistently  and  without  prejudice.  He  has  also 
learned  by  sad  experience  that,  if  his  analyses  and  conclusions 
are  not  well  founded,  his  mistakes  will  live  forever  after  in  con- 
crete and  steel  masonry;  something  to  which  everyone  may 
point  and  say  "this  is  an  engineer's  mistake."  The  lawyers  and 
those  ill  other  professions  have  not  had  this  clear-cut  check 
upon  their  work,  with  its  incentive  to  care  and  caution. 

Now  whether,  in  this  critical  period,  the  country  follows  a 
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sound  course  or  becomes  involved  with  some  of  the  unrea- 
sonable and  irrational  theories  which  are  attracting  so  much 
attention,  will  depend  largely  upon  the  skill  and  soundness  with 
which  these  new  theories  are  analyzed  by  the  country's  educated 
and  influential  men.  No  group  of  men  is  in  a  better  position  to 
forecast  the  working  out  of  industrial  theories  than  the  engi- 
neers. The  ability  to  analyze  facts,  which  is  so  specially  devel- 
oped in  the  engineer,  affords  the  fundamental  means  of  arriv- 
ing at  sane  conclusions  in  such  matters.  There  is  little  com- 
parative experience  available  by  which  to  reach  conclusions, 
but  sound  analysis,  properly  presented  and  adequately  spread 
before  the  public  may  be  depended  upon  to  eliminate  vagaries 
and  specious  theories  which  seem  to  promise  glittering  imme- 
diate returns,  but  which  have  a  ruinous  future. 

■  You  men  here  present  are  from  various  portions  of  the 
country  and  are  connected  with  the  activities  of  various  local 
organizations;  the  N.E.L.A.,  or  the  A.I.E.E.,  or  various  other 
technical  societies.  I  feel  that  a  determined  effort  should  be 
made  to  introduce  into  the  meetings  of  these  societies  a  broader 
study  of  business  and  economic  problems  and  of  the  effects  of 
the  present  industrial  and  social  situation.  At  a  combined  meet- 
ing of  the  N.E.L.A.  and  A.I.E.E,  not  long  ago  in  Portland, 
Or^on,  there  was  considerable  discussion  of  the  question  of  ex- 
tension of  the  scope  of  their  activities  and  of  the  necessity  of 
considering  problems  beyond  the  immediate  field  of  the  engi- 
neer— for  instance,  matters  of  interest  to  accountants  and  com- 
mercial men.  It  was  brought  out  at  this  meeting  that  earlier 
efforts  to  arouse  mutual  interest  between  these  fields  had  been 
wholly  unsuccessful,  because  each  branch,  and  especially  the  en- 
gineers, would  not  give  time  and  attention  to  anything  except 
their  own  detailed  problems.  The  existence  of  such  a  situation 
is  a  great  mistake.  It  should  be  wholly  feasible  to  put  dis- 
cussion of  public  utility  problems  on  a  Tplane  broad  enough  to 
interest  all  of  those  engaged  upon  them,  and  this  without  detri- 
ment to  specialized  technical  studies.  The  opportunity  and  ne- 
cessity rest  particularly  with  the  engineer. 

The  N.E.L.A.  at  the  present  time  is  facing  certain  funda- 
mental problems,  problems  as  to  the  form  of  organization  and 
method  of  conducting  operations  best  adapted  to  yielding  the 
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greatest  advantages  to  its  membership,  to  the  electrical  utilities 
of  the  country,  and  to  the  electrical  industry  as  a  whole.  The 
electric  Jight  and  power  industry  is  now  and  will  continue  to  be 
one  of  the  most  important  in  the  United  States.  As  such  it 
should  have  an  association  which  on  the  one  hand  should  make 
possible  the  maximum  benefit  in  the  way  of  mutual  assistance 
and  interchange  of  ideas  and  experience,  and  which  on  the 
other  hand  should  command  respect  from  outside  sources,  and 
should  be  in  a  position  to  protect  the  common  interests  of  its 
members. 

It  is  a  difficult  and  complicated  problem,  of  course,  to 
determine  or  to  recommend  the  character  of  new  steps  which 
should  be  taken  in  the  organization  of  our  Association.  It  is 
probable,  however,  that  during  the  next  year  certain  radical 
changes  will  be  made.  There  has  been  in  recent  years  consid-. 
erable  criticism  as  to  the  effectiveness  of  the  operations  of  oiu- 
organization.  On  the  one  hand  it  has  been  said  that  we  do  not 
have  sufficiently  strong  central  organization  to  protect  our  com- 
mon public  and  semi-public  interests.  On  the  other  hand  it  has 
been  pointed  out  that  the  Association,  in  view  of  its  huge  size 
and  the  wide  geographical  distribution  of  the  industry,  has  out- 
grown its  present  centralized  form,  and  that  its  operations  are 
ciunbersome  and  ineffective.  This  is  especially  true  as  to  meet- 
ings and  conventions.  There  are  obvious  difficulties  in  the  way 
of  Pacific  Coast  and  Middle  West  men  coming  here  to  the  Atlan- 
tic Coast,  particularly  when  they  come  from  relatively  small 
organizations  in  which  their  absence  constitutes  a  serious  inter- 
ference with  ordinary  operations  and  where  the  question  of  ex- 
pense is  a  serious  one.  In  our  industry,  revenue  is  being  more 
and  more  dosdy  regulated  and  limited,  while  expenses  are 
tending  in  the  opposite  direction,  so  that  executives  are  prone 
to  cut  off  every  expense  which  seems  unnecessary  and  for  which 
an  immediate  return  may  not  be  evident.    (Applause.) 

Chairman  Bump:  I  am  sure  we  have  all  been  inter- 
ested in  Mr.  McQelland's  talk.  The  vice-presidents  of  this 
Association  are  similar  to  the  vice-presidents  of  the  United 
States,  *'purdy  honorary."  I  will  therefore  now  turn  the 
Chair  over    to  Mr.  McQdIand. 
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Chainnaii  McQelland  takes  the  Chair. 

The  Chairman:  TJie  next  order  of  business  will  be  the 
appointing  of  the  Nominating  Committee  to  make  nominations 
for  the  officers  of  the  Section  for  the  coming  year.  There  are 
to  be  elected  a  Chairman,  two  Vice-Chairmen  and  one  addi- 
tional Executive  Committee  member.  The  remainder  of  the 
Executive  Committee  is  elected  for  a  two  year  term,  and  the 
incoming  Chairman  appoints  the  chairmen  of  the  various  com- 
mittees, who  automatically  become  members  of  the  Executive 
Committee. 

I  will  appoint  to  the  Nominating  Committee  Mr.  Thomas 
Sproule,  Mr.  Peter  Junkersfeld,  and  Mr.  R.  F.  Carbutt. 

The  afternoon  is  to  be  devoted  to  the  consideration  of  the 
Report  of  the  Committee  on  Prime  Movers.  As  this  is  un- 
doubtedly one  of  the  most  important  reports  which  we  have  to 
consider,  it  has  been  decided  to  devote  one  entire  session  to  the 
consideration  of  it.  Heretofore,  there  has  been  considerable 
discontent  and  criticism  on  the  ground  that  we  have  not  U^d 
sufficient  time  for  free  discussion.  Today  we  hope  to  give  every- 
one who  has  something  definite  and  concrete  to  say,  time  in 
which  to  say  it 

I  will  ask  Mr.  N.  A.  Carle,  Chairman  of  the  Prime  Movers 
Committee,  to  come  to  the  platform  and  present  his  report. 
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REPORT  OF  COMMITTEE  ON  PRIME  MOVERS 
REVIEW  OF  COMMITTEE'S  ACTIVITIES 

Prior  to  1904  the  trend  of  development  in  prime  movers 
had  been  followed  by  member  companies  through  the  presenta- 
tion of  papers  and  the  general  discussion  of  the  subject  at 
annual  conventions. 

By  that  time,  however,  expansion  and  development  had 
become  so  rapid  that  it  became  necessary  to  centralize  this  work 
by  assigning  it  specifically  to  a  committee  made  up  of  leading 
men  in  the  central  station  industry. 

Accordingly,  in  1904  the  Committee  for  the  Investigation 
of  the  Steam  Turbine  submitted  its  report  to  the  Association. 
This  report  was  the  work  of  the  Chairman,,  Mr.  W.  C.  L. 
Eglin,  assisted  by  Messrs.  Fred  Sargent  and  A.  C.  Dunham. 

The  report  covered  the  subject  under  several  headings, 
starting  with  a  brief  history  of  the  art,  and  including  manu- 
facturers' descriptions  of  various  types  of  machines,  experience 
of  users,  efficiency  tests  and  general  conclusions  to  be  drawn 
from  the  record  of  operating  experience. 

The  investigation  was  continued  along  the  same  general 
lines  and  a  second  report  was  presented  in  1905  by  a  Committee 
consisting  of  Messrs.  W.  C.  L.  Eglin,  Chairman ;  A.  C.  Dunham, 
I.  E.  Moultrop,  G.  W.  Cato  and  J.  D.  Andrew. 

In  1906  the  same  Committee  submitted  a  final  report  on  the 
steam  turbine,  and  requested  that  the  Committee  be  discharged 
as  it  had  carried  the  investigation  to  a  point  where  it  could  be 
discontinued  for  the  time  at  least. 

No  committee  reported  on  prime  movers  in  1907,  but  the 
following  year  the  subject  of  gas  engines  was  taken  up  and  its 
study  continued  until  1910.  The  original  Committee  on  Gas 
Engines  had  W.  C.  L.  Eglin  as  chairman  and  J.  B.  Kltunpp 
and  I.  E.  Moultrop  as  members.  The  subsequent  chairmen  of 
this  Committee  were  J.  B.  Klumpp  in  1909  and  I.  E.  Moultrop 
in  1910. 

In  1911  the  present  Committee  came  into  being.  In  the  list 
of  committees  published  in  the  Proceedings  of  the  Association 

Maauacr^  of  tlila  report  was  received  April  fonrteenth. 
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this  Committee  was  called  the  "Committee  on  Prime  Motive 
Powers."  The  report  however  was  submitted  under  the  heading 
of  "Report  of  the  Prime  Movers  Committee"  and  was  called 
for  as  such  by  the  President.  This  Committee  was  made  up  of 
the  following  members:  I.  E.  Moultrop,  Chairman;  W.  L. 
Abbott,  C.  J.  Davidson,  John  Hunter,  J.  B.  Klumpp,  J.  B. 
Sparrow,  W.  N.  Ryerson. 

The  work  of  this  Committee  embodied  the  consideration  of 
statements  regarding  turbine  developments  by  the  Allis- 
Chalmers  Company,  the  General  Electric  Company  and  the 
Westinghouse  Machine  Company,  as  well  as  balancing  of  verti- 
cal turbines,  elimination  of  condensate  in  steam  supplied  to  low 
pressure  turbines,  condenser  tube  troubles,  control  of  circulating 
water  passes  in  surface  condensers,  cross  connection  of  suctions 
of  rotative  dry 'vacuum  pumps,  wet  vacuimi  pumps,  cylinder  oil 
for  auxiliaries  using  superheated  steam,  step  bearing  oil,  feed 
water  heating  in  steam  turbine  stations,  cleaning  of  air  used  for 
ventilating  turbo-generators,  larger  sized  boiler  units,  stokers, 
smoke  prevention  and  the  use  of  economizers. 

There  were  five  appendices  to  this  report  as  follows : 

A.  Gas  Producers,  Gas  and  Oil  Engines.     By  J.  B. 

Klumpp. 

B.  Water  Power  Apparatus.    By  W.  N.  Ryerson. 

C.  Statements  from  Condenser  Tube  Manufacturers. 

D.  Condenser    Lists    Showing    Comparative    Results 

Between  Three  Pass  and  Single  Pass  Surface 
Condensers. 

E.  Description  of  a  Purification  System  for  the  Ven- 

tilation of  Turbo-Generators. 

In  1912  I.  E.  Moultrop  was  again  appointed  Chairman  aad 
the  Committee  included  in  its  report  statements  on  water  power 
turbines,  governors  and  relief  valves,  stand  pipes,  penstocks, 
storage  reservoirs  and  the  measurement  of  water.  The  use  of 
the  auxiliary  steam  driven  plant  in  connection  with  water  power 
stations  was  discussed. 

Under  the  subject  of  steam  power  the  following  topics  were 
commented  upon:  purchase  of  coal  on  an  ash  basis,  boilers  of 
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large  size,  mechanical  stokers,  steam  flow  meters,  feed  water 
regulators,  pitting  of  feed  water  piping,  fatigue  of  cast  iron 
used  in  connection  with  superheated  steam,  surface  combustion 
boilers,  high  efiiciency  self-contained  steam  units,  developments 
of  the  steam  turbine  during  year  by  (a)  Westinghouse  Machine 
Company;  (b)  General  Electric  Company;  condenser  perform- 
ance and  economical  vacuum,  life  of  condenser  tubes,  mois- 
ture in  the  exhaust  steam  of  engines  and  turbines,  improvement 
in  reduction  gears. 

A  broad  survey  of  oil  and  gjas  engine  apparatus  included 
consideration  of  oil  available  for  power  purposes,  oil  specifica- 
tions for  engine  fuel,  oil  engines,  results  for  oil  engine  plants, 
remarks  on  oil  engine  operators'  experiences,  oil  producers,  im- 
provement in  gas  engine  design,  developments  in  the  coal  pro- 
ducer, the  Humphrey  gas  pump,  natural  gas,  utilization  of  gas 
or  oil  engine  waste  heat  and  gas  turbines.  The  alcohol  engine 
was  also  mentioned. 

With  I.  E.  Moultrop  continuing  as  chairman  in  1913,  the 
Committee  submitted  its  report  in  two  parts,  namely.  Water 
Power,  in  the  Hydro-Electric  Session,  and  Steam  Power  in  the 
Technical  Session. 

Statements  from  the  General  Electric  Company  and  the 
Westinghouse  Machine-  Company  r^^arding  the  developments 
of  steam  turbines  were  included,  and  the  subjects  taken  up  in 
connection  with  steam  engineering  were  turbines  for  station 
auxiliary  purposes,  the  Ferranti  high  superheated  steam  turbine, 
low  pressure  steam  turbines,  high  dficiency  self-contained  steam 
units,  condenser  design,  new  methods  and  devices,  flow  meters 
and  forced  draft,  feed  water  heaters  and  feed  water  heating, 
deterioration  of  steel  stacks,  trouble  with  turbine  blades,  air 
supply  for  boiler  houses  in  cold  weather,  balanced  draft,  feed 
water  r^^lators,  accuracy  and  value  of  CO,  apparatus,  meters 
for  measuring  feed  water,  fuel  oil  and  its  combustion,  the  Riley 
stoker  and  velocities  in  steam  piping.  Under  the  heading  of  Gas 
Power  the  topics  discussed  were  oil  engines  and  statistics  re- 
garding the  general  oil  supply,  gas  turbine,  the  illuminating  gas 
engine  tod  the  general  high  pressure  transmission  and  distribu- 
tion of  power  gas.  The  appendices  attached  to  this  part  of  the 
report  were: 
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E.  Oil  Fuel  and  Its  Combustion.    By  Arthur  D.  Pratt. 

F-1.  Specifications  for  Internal  Combustion  Engine 
•Fuds.    By  Irving  C.  Allen. 

F-2.  European  Specifications.  (From  "Engineering," 
March  22,  1912.) 

F-3.  Specification  of  Tar  Oil  Suitable  for  Diesel  En- 
gines. (From  the  German  Tar  Production 
Trust  at  Essen-Ruhr.) 

G.  Gas  Power  Situation  in  Europe.  (Extracts  from 
report  by  H.  'J-  K.  Fre)m,  Cons.  Eng.  AUis- 
Chalmers  Co.) 

H.  Partial  Digest  of  Recent  Engineering  Publications 
'  Bearing  upon  the  Subject  of  Prime  Movers  or 
Accessory  Apparatus. 

In  the  water  power  section  of  the  report  the  following  sub-, 
jects  were  discussed:  vertical  versus  horizontal  units,  runner 
wear  and  material,  testing  of   water  wheels,   stop  and  relief 
valves,  stand  pipes  and  surge  tanks,  penstocks  and  pipe  lines, 
notable  water  power  installations. 

The  appendices  attached  to  this  part  of  the  report  were  as 
follows : 

A.  The  Kingsbury  Thrust  Bearing.    By  W.  W.  Smith, 

Lieut.  U.  S.  Navy.     (Extract  from  Journal  of 

American  Society   of  Naval  Engineering,  Vol. 

XXIV,  No.  4,  Nov.,  1912.) 
B-1.  Water  Wheel  Runners  and  Runner  Material.    By 

Allis-Chalmers  Company. 
B-2.  In  Regard  to  Water  Wheel  Runners  and  Runner 

Material.    (Letter  from  I.  P.  Morris  Co.) 
B-3.  Water    Wheel    Runners    and    Runner    Material. 

(Letter  from  Viele,  Blackwell  &  Buck.) 
B-4.  In  Regard  to  Water  Wheel  Runners  and  Runner 

Material.     (Letter  from  Wellman-Seaver-Mor- 

gan  Co.) 
B-5.  In  Regard  to  Water  Wheel  Runners  and  Run- 
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ner  Material.     (Letter  from  the  Ontario  Power 
Co.  of  Niagara  Falls.) 

C.  Efficiency  Tests  of  Water  Wheels  after  Installation. 

By  Prof.  C.  M.  Allen,  Worcester  Polytechnic 
Institute. 

D.  Johnson  T}^  Penstock  Valve.     (Letter  from  the 

Wellman-Seaver-Morgan  Co.) 

The  subjects  considered  in  the  1914  report,  submitted  by 
the  Committee  with  I.  E.  Moultrop  as  chairman,  are  divided  into 
three  main  headings :  steam  power,  water  power  and  gas  power. 
The  topics  taken  up  are  given  under  these  headings. 

Steam  Power 

Cost  of  steam  stand-by  service  supplementing  water  power, 
plant  and  transmission  line,  forced  draft  for  peak  ser- 
vice, emission  of  smoke  and  cinders  from  chimneys, 
pulverized  coal  burning,  under-water  storage  of  coal, 
fire  brick,  steam  flow  meters,  surface  combustion,  notes 
on  condensers,  boiler  tubes,  foreign  practice  and  tend- 
ency, the  Ferranti  turbine,  letters  from  manufactur- 
ers— De  Laval  Steam  Turbine  Company,  Westinghouse 
Machine  Company,  Southwark  Foundry  and  Machine 
Company,  General  Electric  Company,  Henry  R.  Worth- 
ington. 

Water  Power 

Methods  of  measurement  of  water  in  operation,  instruments 
and  devices  used,  general  principles  governing  the  selec- 
tion of  water  wheels,  use  of  center  bearing  between 
runners  in  horizontal  double  runner  center  discharge 
wheel  settings,  and  alignment  of  wheels  of  this  type, 
recent  results  with  Kingsbury  thrust  bearing,  water 
wheel  testing  flimie. 

Gas  Povjer 

Heavy  type  oil  engines,  fuel  oil  situation,  generation  and 
distribution  of  producer  gas,  Humphrey  Gas  Power 
Pump. 
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Appendices 

A.  Progress  of   Cleaning  of   Flue  Gas   in  Steam  Power 

Plants.    By  C.  B.  Grady. 

B.  The  Determination  of  Flow  of  Rivers  in  Relation  to 

Hydraulic  Developments. 

C.  Method  used  by  S.  D.  Warren  &  Company  of  Compar- 

ing Theoretical  and  Actual  Plant  Output 

D.  Kingsbury  Thrust  Bearings. 

E.  Geo£^phical  Distribution  of  Oil  Engines  in  the  U.  S. 

F.  Prices  of  Crude  Oil  in  U.  S. 

G.  Petroleiun  Production  in  1913. 

H.  So.  Staffordshire,  England,  Mond  Gas  Plant  and  High 
Pressure  Producer  Gas  Distribution. 

The  1915  report  was  divided  into  three  main  parts,  namdy, 
steam  power,  water  power  and  gas  power  and  was  submitted 
by  the  Committee  with  I.  E.  Moultrop  as  chairman. 

The  steam  power  section  includes  the  discussion  of  the 
Riley,  Westinghouse  and  Taylor  stoker  development,  coal  dust 
burning,  fusibility  of  ash,  economizers,  air  leakage  in  boiler  and 
economizer  settings,  instruments  for  checking  boiler  perform- 
ance, statements  by  the  General  Electric  and  Westinghouse  Com- 
panies on  steam  turbines,  statements  by  the  Westinghouse  Ma- 
chine Company,  Wheeler  Condenser  and  Engineering  Company, 
and  H.  R.  Worthington  on  condensers,  improvements  in  the  older 
type  of  condensers,  new  method  for  determining  surface  conden- 
ser leakage,  air  cleaning  for  turbo-generators  and  the  possible 
effect  of  carbonate  of  soda  in  boilers. 

The  water  power  section  commented  on  progress  in  water 
wheel  design  in  the  following  papers : 

1.  Practice  in  High  Head  Hydraulic  Plants  by  J.  P.  Jolly- 

man. 

2.  Methods  of  Water  Measurement  by  Prof.  C.  M.  Allen. 

3.  An  Analysis  of  Water  Wheel  Governor  Effort  by  E.  D. 

Searing. 

This  section  also  considered  open  versus  closed  type  of  oil 
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pressure  governor  systems,  considerations  applyii^;  to  open  as 
compared  with  closed  systems  and  the  Government  testing  flume 
at  Niagara. 

The  gas  power  section  discusses  the  following  subjects :  Oil 
production,  Diesel  oil  engine  industry,  Humphrey  piunp  prog- 
ress, gas  engines,  gas  producer  development.  Gas  producers  in 
the  United  States  and  the  European  trend  are  described  in  a 
letter  by  R.  H.  Femald.    The  appendices  to  this  report  include : 

A.  Bibliography  of  books,  pamphlets  and  papers  referring 

to  subjects  discussed  in  report. 

B.  Paper  by  Prof.  C.  M.  Allen,  previously  referred  to  under 

water  power. 

The  papers  by  J.  P.  JoUyman  and  E.  D.  Searing  were  also  at- 
tached. There  was  a  sub-committee  report  on  Water  Power 
Development  on  the  Pacific  Coast,  P.  M.  Downing,  chairman. 

The  1916  report  was  divided  into  three  main  parts:  steam 
power,  water  power  and  gas  power,  and  the  scope  of  the  dis- 
cussion was  detailed  under  these  headings.  I.  E.  Moultrop  acted 
as  chairman. 

Steam  Power 

Statements  by  General  Electric  Company  and  Westinghouse 
Electric  and  Manufacturing  Company,  on  steam  turbines; 
statements  by  Westinghouse  Electric  and  Manufacturing  Com- 
pany, Wheder  Condenser  and  Engineering  Company,  and  H.  R. 
Worthington  on  condensers,  condenser  tubes,  sand  blast  clean- 
ing of  condenser  tubes,  boiler  rating,  higher  steam  pressure  in 
turbine  stations;  a  paper — "The  New  Era  of  Higher  Steam 
Pressures,"  by  Robert  Cramer ;  fuel  oil  under  boilers ;  a  paper — 
"Fusion  Temperature  of  Ash  and  Its  Effect  on  Commercial  Use 
of  Coal,"  by  John  P.  Sparrow ;  coal  sampling  methods,  descrip- 
tion of  ash  fusion  methods,  Riley,  Taylor  and  Westinghouse 
stokers,  fire  brick  linings  of  boiler  furnaces,  external  deanii^; 
of  boilers,  instruments  for  checking  boiler  and  turbine  perform- 
ance, welded  pipe  joints  for  high  pressure  and  superheated  steam 
service  and  uniflow  engines. 

IVater  Power 

Progress  in  water  wheel  design  and  installation,  develop- 
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ment  of  water  powers  from  an  economic  standpoint  under  pres- 
ent conditions,  reliability  of  hydraulic  prime  movers,  troubles 
with  hydraulic  prime  movers,  water  measurement  by  use  of  salt 
solution,  Government  testing  flume. 

Gas  Power 

General  statement  on  the  status  of  gas  engines  and  pro- 
ducers, Diesel  engines,  resume  of  the  fuel  oil  situation,  con- 
struction and  operating  data  on  Diesel  engines.  The  appen- 
dices include: 

A.  Hydro-electric  Development  on  the  Pacific  Coast. 

By  John  Harisberger. 

B.  Reliability  of  Hydraulic  Prime  Movers  and  Causes 

of  Shut  Downs  on  the  Pacific  Coast.     P.  M. 
Downing. 

C.  Influence  of  Ice  on  Hydro-Electric  Developments. 

R.  M.  Wilson. 

D.  Bibliography. 

The  1917  report  was  considerably  more  brief  than  previous 
reports  and  papers,  and  small  mention  was  made  of  gas  power 
development.  J.  M.  Graves  was  the  Chairman  of  this  Com- 
mittee. 

Steam  Power 

Statements  by  the  Westinghouse  Electric  and  Manufactur- 
ing Company,  Allis-Chalmers  Manufacturing  Company,  and  the 
General  Electric  Company  on  steam  turbines,  statements  by  the 
Westinghouse  Electric  and  Manufacturing  Company,  Wheeler 
Condenser  and  Engineering  Company,  and  H.  R.  Worthington  on 
condensers,  power  house  auxiliaries,  stokers  (Cox,  Taylor,  West- 
inghouse, Murphy  and  Riley)  duplex  stoker  settings,  extra  large 
stoker  retorts  and  maintenance  of  brick  work  were  included. 

A  discussion  of  refractory  materials  embodied  the  consid- 
eration of  abrasion  test,  slagging  test,  softening  test,  expansion 
or  contraction,  wall  construction,  heat  insulation,  and  air  proof 
coatings. 


Digitized  b'y  Google 


15 

The  following  topics  were  also  commented  upon:  coal  hand- 
ling apparatus,  storage,  weathering  and  spontaneous  combustion 
of  coal,  the  mercury  boiler,  higher  steam  pressures  in  turbine 
stations,  higher  boiler  pressures,  opinions  of  distinguished  engin- 
eers on  higher  steam  pressures,  an  insurance  view  of  higher  pres- 
sure, steam  velocities  in  piping  and  fittings,  economical  pressure 
drop  in  steam  lines,  boiler  room  instruments,  turbine  room  in- 
struments, analyses  of  auxiliary  power  requirements  using  either 
steam  driven  or  electric  driven  auxiliaries  and  boiler  feed  water 
treatment 

Gas  Power 

This  portion  of  the  report  included  a  discussion  of  the 
Diesel  engines  and  a  resume  of  the  fuel  oil  situation. 

Water  Power 

This  portion  of  the  report  mentioned  the  subjects  of  prog- 
ress, general  tendencies .  in  design,  development  in  runner  de- 
sign, development  in  intake  and  draft  tube  design,  corrosion  and 
erosion  of  submerged  parts  and  oil  lubrication  of  thrust  bearings, 
papers  on  "Brakes  for  Hydro-Electric  Units,"  by  W.  F.  Uhl; 
"Frazil  Ice  Handling  Methods,"  by  J.  A.  Walls;  operation  of 
small  generating  stations  without  an  attendant,  water  wheel 
testing  code  as  given  in  report  of  the  Power  Testing  Committee 
of  the  A.  S.  M.  E.  of  1915  with  resolution  as  to  desirable 
changes,  and  a  paper — "An  Improved  Water  Level  Gage  for 
Remote  Indication,"  by  F.  H.  Howes. 

In  1918  it  was  found  impossible  on  account  of  the  difficulties 
which  beset  the  whole  industry,  to  carry  on  the  work  of  the 
Prime  Movers  Committee,  and  no  report  was  submitted  that 
year.  However,  the  Chairman  of  the  Technical  Section,  in  the 
absence  of  Mr.  J.  M.  Graves,  the  Prime  Movers  Chairman,  read 
an  abstract  of  the  subjects  investigated,  with  the  idea  that  mem- 
ber companies  which  were  interested  might  follow  up  the  vari- 
ous subjects  by  correspondence.  The  subjects  dealt  in  the  main 
with  operating  problems  and  included  material  on  the  inspection, 
handling  and  storage  of  coal,  and  the  operation  and  maintenance 
of  the  boiler  plant. 
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TURBINES 
Size  of  Units  and  System  Capacities 

The  accompanying  tabulation  shows  the  total  generating 
capacity  of  a  number  of  large  central  station  companies  as  of 
May  1st,  1919.  It  also  shows  the  generating  capacity  in  machines 
of  20,000  kv-a.  and  larger,  as  well  as  the  relation  which  this 
capacity  bears  to  the  total  generating  capacity.  In  the  third 
column  is  the  xrapacity  of  the  largest  unit  and  its  percentage  of 
the  total  capacity.  With  cross  compound  machines  having  two 
and  three  prime  movers  and  generators,  the  complete  machine  is 
considered  as  a  unit. 

While  this  list  may  be  subject  to  revision  in  minor  details, 
it  gives  an  idea  of  the  tendency  of  the  times  so  far  as  the  installa- 
tion of  large  generating  units  is  concerned. 

It  can  readily  be  appreciated  that  the  system  which  has  a 
large  fraction  of  its  generating  capacity  tied  up  in  one  unit,  is 
staking  its  reputation  on  the  successful  performance  of  that 
unit  and  for  that  reason  the  manufacturer  must  naturally  feel 
a  heavy  responsibility. 

TABLE  I 

Central  Station  System   Capacities  and  Large  Unit  Installations 
AS  OF  May  1,  1919 

Capacity  in 

Generating             20,000  Kv-a.  Capacity  of 

Capacity               and  Larger  Largest  Unit 

Total                          %  of  Total  %ofTot»I 

Company  and  Location        Kv-a.          Kv-a.         Kv-a.  Kv-a.       Kv-a. 

Buffalo  Gen.  Elec.  Co. 

Buffalo,  N.  Y 105,555       105,555       100.         38,889       36.8 

Con.  Gas  El.  Lt.&  Pr.  Co. 

Baltimore,  Md 81,500         40,000         49.1       20.000       24.5 

Boston  Elev.  Ry.  Co. 

Boston,  Mass 122,500         35,000         28.5       35,000       28.5 

Edison  El.  Illg.  Co. 

Boston.  Mass 143,000         30,000         21.0       30,000       21.0 

Alabama  Power  Co. 

Birmingham,  Ala 140,233         58,333        41.6        Z^.^ZZ        23.1 

Edison  Elec.  Illg.  Co. 

Brooklyn,  N.  Y 121,500         52,000        42.8        30.000       24.7 

Bklyn.  Rap.  Tr.  Co. 

Brooklyn,  N.  Y 139,850         51.100         36.6       30,000       21.5 

Commonwealth  Ed.  Co. 

Chicago,   III 498.510       227,910         45.7       35,300         7.1 

Qcveland  El.  Illg.  Co. 

Qeveland,  0 208,000        150,000         72.1        31,250        15.0 
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Capacity  in 
Generating  20,000  Kv-a.  Capacity  of 

Capacity  and  Larger  Largest  Unit 

Total  %  of  Total  %  of  Toul 

Company  and  Location        Kv-a.  Kv-a.         Kv-a.      Kv-a.       Kv-a. 

Union  Gas  &  Elec.  Co. 

Cincinnati.  0 84,400         50,000         59.3       25,000       29.6 

Northern  Ohio  Trac.  Co. 

Cuyahoga  Falls,  0 67,000         44,444         66^       22,222       33.2 

Detroit  Edison  Co. 

Detroit,  Mich 193,000       105,000         54.4       45,000       23.3 

Pennsylvania  R.R.  Co. 

Long  Isl.  City.  N.  Y.      78,000         41,100         52.7       21.100       27.1 
Twin  City  Rap.  Tr.  Co. 

Minneapolis,  Minn....      65,000         20,000         30.8       20,000       30.8 
Moline  Rock  Is.  Mfg.  Co. 

Moline,   111 50,600         20,000         39.6       20,000       39.6 

Interborough  Rap.Tr.Co. 

New  York  City 389,000       256,000         65.8       70,000       18.0 

New  York  Edison  Co. 

New  York  Citv -286,000       111,000         38.8       30.000        10.5 

♦Public  Serv.  Elec.  Co. 

Newark,  N.J 265,100        105.000        39.6        35,000        13.2 

United  El.  Lt.  &  Pwr.  Co. 

New  York  City 124,900         65,900         52.8       25,900       20.7 

Philadelphia  Elec.  Co. 

Philadelphia,  Pa 279,700        153,900        55.0       35,000        12.5 

Narragansett  EL.Ltg.  Co. 

Providence,  R.  1 85,500         67,500         78.9       47,500       55.5 

Duquesne  Light  Co. 

Pittsburgh,  Pa 168,000         47,200        28. 1        47.200       28.1 

N.  Y.  C.  R.  R.  Co. 

Pt.  Mor.  &  Yonk.,  N.Y.      60,000         20,000         33.3       20,000       33,3 
Reading  Tran.  &  Lt.  Co. 

Reading,  Pa 25.000         25,000        100.0       25,000      100.0 

Un.  El.  Lt.  &  Pwr.  Co. 

St.  Louis,  Mo 83,000         25,000         30.1       25.000       30.1 

United  Electric  Co. 

Springfield,  Mass 45,020         20,000         44.4       20,000       44.4 

Toledo  Ry.  &  Lt.  Co. 

Toledo,   0 88,000         45,750        52.0       23,500       26.7 

Worcester  El.  Lt.  Co. 

Worcester.  Mass 43,000         20,000         46.5       20,000       46.5 

Wheeling  Electric  Co. 

Windsor.  W.  Va 69,000         60,000        87.0       30,000       43.5 

*  Based  on  Northern  Zone  capacity. 

Maximum  Sizes  of  Turbo-Generators 

The  opinions  expressed  and  summarized  in  previous  reports 
still  prevail  in  so  far  as  the  maximum  size  of  turbo-generators 
is  concerned.  Due  to  conditions  imposed  by  the  war,  all  efforts 
toward  development  and  production  were  limited  to  a  large  cx- 
*tent  to  such  devices  and  apparatus  as  were  required  to  meet  the 
national  emergency. 

During  the  past  two  years,  nevertheless,  there  has  been  a 
marked  increase  in  the  number  of  large  tmits  in  operation,  par- 
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ticularly  the  horizontal,  single  shaft  type  of  approximately 
30,000  kw.  capacity.-  This  condition  has  been  brought  about  by 
the  necessity  for  meeting  the  rapidly,  increasing  density  of  load, 
particularly  in  our  larger  centers  of  power  supply,  and  the  rec- 
ognized reliability  of  operation  recorded  for  this  size  of  unit. 

A  consideration  of  the  practical  limit  in  size  of  single  shaft 
machines,  so  far  as  the  questions  of  design  enter  into  the  prob- 
lem, indicates  that  in  general  higher  efficiencies  at  equal  or 
less  cost  per  kilowatt  output  can  be  obtained  as  the  size  of  the 
unit  is  increased,  particularly  in  capacities  up  to  30,000  kw.; 
and  although  one  single  unit  of  45,000  kw.  capacity  is  now  in 
service,  it  cannot  be  assumed  that  the  size  of  single  shaft  units 
can  be  increased  indefinitely. 

From  a  manufacturing  standpoint,  the  limitation  in  size  of 
a  single  shaft  unit  is  a  limitation  arising  partly  from  materials 
at  present  available  for  blades  and  revolving  elements  and  also 
from  several  inherent  constructional  difficulties  which  must  be 
cleared  away  before  further  increases  are  fully  justified. 

In  addition,  there  is  also  involved  the  question  of  economic 
value  of  increased  size  of  machines  above  30,000  kw.  If  such 
factors  as  maximum  efficiencies,  cost  per  kw.,  and  space  require- 
ments show  a  fairly  uniform  betterment  as  the  size  of  the  unit 
is  increased,  then  n^lecting  the  factors  of  design  and  operation, 
an  increase  in  the  capacity  of  the  single  unit  will  show  a  saving 
with  increased  system  load  demand. 

It  would  appear,  however,  that  with  the  present  construc- 
tional problems  with  the  prevailing  frequencies  and  speeds  and  the 
recognized  factors  of  safety,  efficiency  and  cost,  the  size  of 
systems  today  will  hardly  warrant  units  larger  than  30,000  kw. 
capacity.  In  particular  cases,  and  until  increased  reliability,  as 
well  as  improvements  in  operating  efficiencies,  have  been  estab- 
lished, even  larger  systems  will  not  justify  the  use  of  larger 
units. 

Balanced  against  these  machine  characteristics  must  also  be 
considered  the  system  characteristics — size  of  load,  load  factor, 
available  running  time  and  minimum  reserve  capacity.  As  the 
proportion  of  single  unit  size  to  the  system  load  is  increased, 
there  is  obviously  an  added  necessity  for  increased  reliability, 
as  well  as  for  a  higher  grade  of  operating  supervision. 

The  problem  that  must  be  considered,  therefore,  in  increas- 
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ing  the  size  of  horizontal,  single  shaft  units,  is  one  relating  both 
to  the  question  of  system  capacity  and  of  economic  con- 
siderations of  design  and  construction.  During  the  entire 
period  of  the  development  of  steam  turbine  generator  units, 
central  station  companies,  in  order  to  increase  their  operating 
efficiencies,  have  in  many  cases  purchased  new  designs  before 
their  reliability  had  been  demonstrated.  With  the  increasing 
proportion  and  importance  of  the  individual  unit  as  compared 
with  the  system  capacity,  it  is  of  increasing  importance  in  con- 
sidering the  future  problems  of  operating  these  large  units  that 
progress  be  such  as  to  insure  more  definitely  that  the  demands 
of  the  central  station  companies  for  greater  reliability  of  service 
can  be  met  with  an  adequate  degree  of  certainty. 

Continuity  of  Service 

The  increasing  size  of  prime  movers  and  the  increasing  per- 
centage which  the  individual  turbo-generator  unit  bears  to  the 
total  generating  capacity  of  any  system  make  the  reliability  of 
this  t3rpe  of  machine  a  matter  of  much  more  importance  from  the 
operating  standpoint  than  it  was  previously  considered.  While 
every  one  appreciates  the  reduction  in  overhead  charges  due  to 
the  low  investment  cost  per  unit  installed  for  these  large  ma- 
chines, the  low  operating  cost  due  to  their  increased  efficiency 
and  the  low  attendant  labor  and  maintenance  costs,  yet  operat- 
ing companies  must  not  forget  for  an  instant  that  continuity  of 
service  is  the  bed  rock  of  any  central  station  company's  repu- 
tation and  that  the  truly  successful  public  service  company  must 
give  the  community  it  serves  the  best  and  most  reliable  service 
possible. 

With  the  increase  in  the  size  of  the  system  and  the  recent 
increase  in  size  of  single  units,  an  individual  prime  mover  and 
generator  often  comprises  25  per  cent  or  more  of  the  total 
generating  capacity  of  many  large  companies,  and  the  impor- 
tance of  these  large  units,  as  well  as  the  necessity  for  their 
continuous  operation  have  increased  proportionately.  It  is 
therefore  becoming  increasingly  necessary  on  account  of  overhead 
charges  to  attempt  to  safeguard  this  capacity,  and  the  reliable 
operation  of  the  unit  is  absolutely  essential  to  the  satisfactory 
operation  of  the  system. 

While  it  is  most  commendable  for  any  public  service  corn- 
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pany  to  purchase  that  machine  which  will  give,  not  only  the 
lowest  investment  cost  per  kilowatt,  but  also  the  lowest  operat- 
ing cost  per  kilowatt-hour,  there  is  a  definite  relation  between 
the  capacity  of  the  individual  imit  and  the  capacity  of  the 
system  beyond  which  it  is  neither  safe  nor  wise  to  go.  When 
the  failure  of  a  unit  jeopardizes  the  service,  the  company's  repu- 
tation is  at  stake,  and  the  loss  in  prestige  built  up  by  years  of 
faithful  service  may  be  more  costly  than  the  comparatively  small 
saving  in  operating  costs. 

Just  how  far  it  is  safe  to  go  in  the  installation  of  large 
generating  units,  each  company  must  of  course  decide  for  itself, 
but  since  units  of  over  20,000  kw.  capacity  are  a  rather  recent 
development  and  since  the  service  factor  or  ratio  of  hours  avail- 
able to  total  hours  for  some  of  these  units  is  90  per  cent  or  less, 
as  compared  with  97  to  99  per  cent  for  some  of  the  older  units, 
the  importance  of  giving  this  matter  careful  consideration  is 
evident. 

On  the  other  hand,  it  must  not  be  forgotten  that  certain  of 
these  large  machines  have  records  of  continuous  performance 
and  output  which  surpass  anything  previously  considered  pos- 
sible. For  example,  one  of  the  25,000  kw.  units  operated  at 
67  per  cent  load  factor  during  a  51-day  run  without  shutdown; 
another  machine  of  the  same  capacity  has  completed  two  77- 
day  runs,  at  67  per  cent  load  factor  in  the  first  instance  and  70 
per  cent  in  the  second,  while  one  of  the  35,000  kw.  imits  operated 
at  65  per  cent  load  factor  for  a  70-day  run  without  shutdown. 

Records  such  as  these  encourage  central  station  companies 
to  depend  upon  a  single  imit  for  over  25  per  cent  of  their  gen- 
erating capacity. 

Troubles  with  Large  Units 

During  the -past  few  years  a  very  marked  development  has 
been  experienced  in  both  the  increased  number  and  size  of  steam 
turbo-generating  units  in  plants  of  the  larger  operating  com- 
panies. This  exceptionally  rapid  advance  is  largdy  due  to  two 
factors;  first,  the  necessities  of  large  operating  companies  to 
meet  satisfactorily  the  service  demands  placed  upon  them,  and 
second,  the  important  changes  in  design  and  construction,  re- 
sulting in  lowered  cost  and  improved  operation,  that  have  made 
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practicable  the  manufacture  and  operation  of  larger  sized  single 
units. 

The  experience  of  the  operators  with  these  latest  types  of 
horizontal  single  units  of  20,000  kw.  capacity  and  above,  covers 
a  period  of  practically  three  years.  Therefore,  any  statement 
concerning  these  units  at  this  time,  which  deals  with  their  rela- 
tive successes  as  compared  with  the  smaller  and  earlier  types, 
can  hardly  be  regarded  as  altogether  conclusive.  Another  ele- 
ment also  to  be  recognized  is  that  during  this  comparatively 
short  period  of  time,  not  only  the  manufacture  but  also  the 
operation  have  been  carried  on  imder  most  adverse  conditions 
as  afFecting  both  labor  and  materials.  Nevertheless,  a  number  of 
serious  accidents,  which  have  occurred  only  recently  throughout 
the  country,  cannot  be  lightly  regarded,  particularly  at  this 
period  of  increasingly  high  standards  of  service  and  operating 
economies. 

In  analyzing  the  causes  of  trouble  as  indicated  by  the  oper- 
ating records  of  the  class  of  units  of  20,000  kw.  and  over,  there 
are  several  features  of  design  that  appear  to  be  the  most  fre- 
quent sources  of  trouble.  Labyrinth  packings  and  thrust  bear- 
ings have  probably  contributed  to  the  major  part  of  large  turbine 
operating  difficulties.  While  these  troubles  in  themselves  have 
caused  a  considerable  loss  in  operating  time,  they  have  also  been 
responsible  in  a  considerable  number  of  instances  for  the  devel- 
opment of  far  more  serious  troubles.  Among  these  may  be  men- 
toned  excessive  vibration  of  parts,  breaking  of  buckets,  and  dan- 
gerous rubbing  of  stationary  and  moving  elements,  which,  in 
extreme  cases,  have  resulted  in  permanent  deflection  of  shafts. 

The  most  serious  situation  that  has  developed  in  the  type 
and  sizes  of  units  under  consideration,  however,  has  been  the 
number  of  quite  recent  turbine  wheel  failures.  In  several  in- 
stances these  accidents  have  resulted  in  the  complete  wrecking  of 
the  units  concerned.  Such  accidents,  which  are  without  parallel 
in  the  history  of  steam  turbine  development,  can  hardly  be 
considered  as  bearing  directly  on  the  question  of  performance 
of  large  sized  units,  but  rather  as  a  factor  to  be  considered  in 
the  improvement  of  design  and  construction  of  a  specific  type 
of  unit 

The  situation  is  now  a  critical  one,  and,  while  any  definite 
statement  at  this  time  would  be  premature,  the  Committee  wishes 
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to  indicate  the  necessity  for  early  actiou  both  in  safeguarding 
against  further  possible  failures  of  machines  now  in  operation, 
and  in  reaching  definite  solutions  of  those  problems  which  in- 
volve important  features  of  design  and  construction. 

In  general,  however,  the  records  of  operating  performances 
of  these  larger  sized  units,  while  too  incomplete  for  definite 
conclusions,  do  indicate  that  there  is  every  reason  to  expect  as 
high  a  standard  of  performance  for  the  recent  types  of  large 
capacity  single  shaft  units  as  had  been  obtained  in  the  operation 
of  machines  of  earlier  design  and  smaller  capacities.  It  is  hardly 
over-stating  the  case,  however,  to  say  that  the  records  for 
reliability  of  operation  of  the  larger  units,  during  the  past  two 
years,  have  not  been  up  to  this  standard. 

While  some  of  the  difficulties  may,  without  doubt,  be  directly 
concerned  with  operation,  the  greater  percentage  of  trouble  has 
been  the  direct  result  of  shortcomings  in  details  of  design,  mate- 
rials or  construction.  On  smaller  sized  units,  however,  similar 
details  of  construction  have  proved  to  be  much  more  reliable 
in  their  operation.  It  would  seem  that  not  only  is  the  same 
degree  of  reliability  of  operation  essential,  but  that  a  greater 
degree  of  reliability  becomes  more  imperative  with  increasing 
sizes  of  machines  and  higher  standards  of  service  demanded  by 
those  industries  dependent  upon  electric  power  supply. 

Standby  Operation  of  Turbines 

The  subject  of  "standby*'  or  "floating"  operation  of  a  tur- 
bine, i.^.,  running  it  at  or  near  zero  load,  is  of  special  interest  to 
companies  having  steam  plants  connected  to  transmission  sys- 
tems normally  fed  by  hydro-electric  power.  There  are  two  main 
cases :  the  first,  or  standby  service  proper,  in  which  the  turbine  is 
kept  running  with  steam  at  the  throttle,  so  as  to  pick  up  load 
promptly  in  case  of  hydro-electric. plant  or  line  failure;  and  the 
second,  or  voltage  regulating  service,  in  which  the  turbine  unit 
is  motored  from  the  generator  end,  using  the  latter  as  a  synchro- 
nous condenser  and  employing  only  such  steam  as  is  necessary 
to  prevent  heating  in  the  steam  end.  The  first  of  these  cases  is 
the  more  important,  as  the  standard  turbogenerator  is  not  espe- 
cially fitted  for  synchronous  condenser  service,  on  account  of 
field  limitations,  and  because  the  losses  are  much  greater  than 
in  a  condenser  designed  for  the  purpose.    Actual  experience  has 
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been  had  with  one  or  both  classes  of  floating  service  on  hydro- 
electric power  transmission  systems  at  various  points  on  the 
Pacific  Coast,  in  Colorado,  at  St.  Louis,  and  in  several  parts  of 
the  East. 

According  to  information  received,  it  is  necessary  with  prac- 
tically all  types  of  turbines  of  any  considerable  size  to  maintain 
some  steam  passing  through  the  turbine,  to  prevent  injurious 
heating  of  the  rotor  and  stator  parts  due  to  churning  of  the 
air.  With  boilers  hot  and  ready  to  furnish  considerable  quanti- 
ties of  steam  at  short  notice,  the  supplying  of  a  few  thousand 
potmds  an  hour  does  not  call  for  heavy  additional  expenditure. 
It  is  even  found  advantageous  in  some  cases  to  pass  enough 
steam  through  the  turbine  to  carry  a  few  hundred  kilowatts  load, 
as  this  tends  to  give  stability  to  the  operation.  The  governor  is 
adjusted  so  that  load  will  be  picked  up  by  the  turbine  as  the 
frequency  of  the  system  drops,  from  trouble  or  other  cause. 
Difficulties  are  sometimes  encountered  due  to  a  sensitive  turbine 
governor,  the  steam  machine  tending  to  take  up  system  fluctua- 
tions rather  than  leaving  this  duty  to  the  hydro-electric  plants. 

The  chief  problem  in  normal  standby  operation  is  to  deter- 
mine how  steam  use  can  be  kept  at  a  minimum,  still  maintaining 
the  turbine  ready  to  pick  up  load  without  delay.  In  any  case 
the  turbine  valves  should  be  adjusted  to  take  the  smallest 
amount  of  steam  consistent  with  safety  to  the  internal  parts 
and  with  proper  regulation. 

For  standby  operation  it  is  desirable  that  the  exciter  be 
direct  driven  by  the  turbine.  It  is  necessary  to  maintain  a  vacuum 
on  the  turbine,  and  to  keep  the  condenser  auxiliaries  in  operation, 
and  these  would  preferably  be  motor  driven  if  the  steam  turbine 
is  of  sufficient  size  to  maintain  frequency  and  voltage  with 
trouble  on  the  transmission  line  or  in  the  hydro-electric  plants 
running  in  parallel ;  if  the  turbine  cannot  be  expected  under  these 
conditions  to  hold  up  speed  and  voltage,  the  important  auxiliaries 
should  be  steam  driven  or  should  have  a  combination  electric 
and  steam  drive,  with  the  electric  used  normally  but  with  the 
steam  drive  arranged  to  pick  them  up  at  the  time  of  serious  trou- 
ble on  the  system. 

One  of  the  most  important  features  in  keeping  down  expense 
in  standby  operation  is  the  manner  of  handling  the  boilers,  a  full 
treatment  of  which  is  outside  the  scope  of  this  discussion.  With 
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coal  fuel,  either  an  underfeed  stoker,  or  a  forced  draft  chain 
grate  stoker,  or  perhaps  powdered  fuel,  may  be  chosen  for  this 
banking  and  quick  steaming  work ;  in  many  instances  oil  or  other 
liquid  or  gas  fuel  can  be  used  to  advantage.  It  is  difficult,  how- 
ever, to  use  oil  successfully,  in  a  normally  coal  fired  furnace,  to 
give  quick  steaming  in  emergency.  The  speed  of  the  stoker  or 
the  supply  of  fuel  oil  can,  if  desired,  be  made  automatically  re- 
sponsive to  an  increase  in  load.  There  are  various  schemes  of 
keeping  the  boilers  up  to  a  reasonable  pressure,  such,  for  in- 
stance, as  keeping  one  boiler  fired  actively  and  using  live  steam 
therefrom  in  all  others.  It  is  very  desirable  to  have  a  large 
storage  of  hot  water  in  the  heaters  and  in  auxiliary  tanks  to 
assist  in  maintaining  maximum  evaporation  during  the  first  few 
minutes  of  active  turbine  operation. 

It  appears  that  the  operation  of  steam  turbines  at  no  load 
in  parallel  with  hydro-electric  systems  is  tending  to  become  less 
frequent,  not  only  on  account  of  the  necessity  for  rigid  econ- 
omy, but  because  hydro-electric  plants  and  transmission  lines  are 
becoming  more  and  more  reliable.  It  is  in  general  only  for 
the  most  important  load  and  with  inferior  hydro-electric  system 
operation  that  this  standby  operation  is  advisable.  When  the 
floating  service  becomes  necessary,  great  care  and  skill  should  be 
exercised  in  keeping  steam  plant  costs  at  a  minimum;  this  is 
especially  necessary  with  steam  plants  not  specially  designed  for 
economy  during  standby  operation,  but  even  in  stations  planned 
specifically  for  such  service  a  considerable  saving  can  usually 
be  made  by  careful  study  of  operating  methods. 

MANUFACTURERS'  STATEMENTS 

Your  Committee  is  in  receipt  of  statements  from  the  fol- 
lowing manufacturers  covering  developments  during  the  past 
year: 

AlliS'Chalmers  Manufacturing  Company 

Since  the  last  meeting  of  the  National  Electric  Light  Association, 
manufacturers  have  had  little  opportunity  for  special  development  work 
on  steam  turbines.  The  requirements  of  the  Government  for  equipment 
for  use  in  connection  with  the  prosecution  of  the  war,  on  account  of  the 
urgency  of  this  demand,  of  necessity  restricted  the  choice  of  the  appara- 
tus to  the  standard  lines  of  equipment,  and  development  work  has  had 
to  be  postponed  until  the  return  of  normal  times. 
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The  most  prominent  and  significant  feature  in  the  course  of  steam 
turbine  progress  during  the  last  twelve  months  is  the  return  to  favor 
of  the  medium  size  unit  of  approximately  10,000  to  12,000  kw.  capacity, 
from  which  it  would  appear  that  operating  engineers  are  beginning  to 
realize  the  disadvantage  of  installing  units  of  unduly  large  capacity, 
preferring  rather  to  install  medium  size  units  with  slightly  less  thermal 
efficiency  but  with  greater  reliability,  and  the  fact  that  the  shutting  down 
of  any  one  piece  of  apparatus  on  account  of  trouble  or  for  periodic  in- 
spection and  overhauling  causes  much  less  interruption  in  the  service, 
is  no  doubt  a  reason  for  the  popularity  of  this  size  of  unit. 

During  the  last  year  we  placed  in  operation  a  number  of  units  of  ap- 
proximately the  sizes  given  above,  and  in  each  case  the  machines  were 
started  up  without  a  hitch  and  have  maintained  an  enviable  operating 
record  to  date.  Six  machines  have  been  placed  in  service  and  seven 
others  are  nearing  completion. 

In  all  cases  the  generators  were  manufactured  in  pur  own  shops,  and 
in  four  of  the  installations  already  in  operation  we  also  manufactured 
the  condensers  and  condenser  auxiliaries,  which  in  these  cases  places  the 
responsibility  for  the  complete  generating  equipment  up  to  one  manu- 
facturer, an  undoubted  advantage  from  the  purchaser's  point  of  view. 

On  account  of  their  excellent  operating  record,  a  brief  description 
of  these  machines  may  be  of  interest  to  the  members  of  the  Association. 
To  obtain  maximum  economy  the  turbines  are  of  the  single  flow 
reaction  type,  embodying  all  the  improvements  gained  by  our  engineers 
in  fifteen  years'  experience  in  the  manufacture  of  steam  turbines.  The 
blading  is  of  our  well-known  substantial  construction,  mounted  in  an 
exceptionally  rugged  spindle,  and  the  special  care  taken  during  all  proc- 
esses of  manufacture  to  insure  an  accurate  balance,  not  only  of  the 
spindle  and  spindle  rings  but  also  of  the  segments  of  blading,  without 
doubt  contributes  very  largely  to  the  smooth  operation  of  the  completed 
rotor. 

The  turbine  spindle  and  generator  rotor  are  each  carried  in  their 
own  bearings,  suitably  connected  through  a  flexible  coupling  efficiently 
lubricated  by  a  patented  method  of  lubrication.  The  four  bearing  method 
of  support  permits  the  ready  inspection  of  either  turbine  or  generator 
without  disturbing  the  other  element. 

The  turbine  cylinder  is  split  along  the  horizontal  joint,  thereby  per- 
mitting ready  access  to  the  interior  of  the  machine  for  periodic  inspec- 
tion, and  the  ends  of  the  cylinder  where  the  spindle  passes  through  are 
effectively  sealed  against  any  inleakage  of  air  by  means  of  our  well- 
known  water  sealed  glands.  These  glands,  not  being  subject  to  wear 
except  to  that  occasioned  by  the  churning  action  of  the  water,  insure 
effective  sealing  after  long  continuous  operation,  and  contribute  to  the 
maintenance  of  the  best  possible  vacuum  obtainable  by  the  condensing 
equipment 

The  bearings   of  both  generator  and  turbine  are   of   the  ball  and 
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socket  type  lined  with  babbitt,  and  are  lubricated  by  means  of  forced 
Ittbrication.  Above  each  bearing  a  visibile  leak-off  is  provided,  which 
enables  the  operator  to  observe  at  all  times  that  oil  under  pressure  is 
maintained  at  each  bearing,  and  also  permits  any  air  which  might  accu- 
mulate at  the  bearing  to  escape  without  endangering  operation.  This  par- 
ticular feature  is  patented  and  is  the  exclusive  right  of  our  company. 

The  turbine  and  generator  are  mounted  on  a  continuous  bedplate  of 
very  rugged  construction,  and  the  throttle  valve  and  steam  chest,  includ- 
ing the  steam  strainer  and  inlet  valve  with  its  oil  relay  mechanism,  are 
bolted  rigidly  to  this  bed  plate,  a  flexible  steel  connection  being  provided 
between  the  steam  chest  and  the  cylinder.  This  construction  prevents 
the  possibility  of  any  strains  being  imposed  upon  the  turbine  cylinder, 
due  to  steam  piping,  etc.,  and  permits  the  free  expansion  of  the  turbine 
C)'linder   under   variations    in    steam   temperature. 

In  addition  to  the  usual  pedestal  supports  at  each  end  of  the  cylinder, 
a  substantial  foot  is  provided  around  the  exhaust  nozzle  which  is  sup- 
ported on  the  bed  plate.  With  this  added  stiffness  in  construction  the 
expansion  joint  usually  provided  in  the  exhaust  pipe  can  be  eliminated, 
if  the  condenser  is  suitably  supported  on  springs  to  carry  the  weight  of 
this  part  of  the  equipment. 

As  is  customary,  a  by-pass  valve  is  provided  directly  operated  by 
the  governor  to  admit  steam  to  a  lower  stage  of  the  turbine  in  the  event 
of  an  exceptionally  high  load,  or  to  maintain  operatioh  in  case  of  an 
extreme  drop  in  the  steam  pressure. 

A  self-contained  forced  lubricating  system,  including  a  suitable  oil 
cooler,  is  provided  for  bearing  and  governor  lubrication,  and  for  the 
purpose  of  supplying  oil  for  the  relay  system  for  operating  the  valves. 
In  addition  an  oil  filter  of  large  capacity  is  furnished  to  withdraw  con- 
tinuously a  portion  of  the  oil  for  the  purpose  of  removing  water  and 
other  impurities,  automatically  returning  the  cleansed  oil  to  the  system. 
For  use  when  starting  up  and  stopping,  and  also  in  case  of  emer- 
gency, a  steam  turbine  driven  submerged  centrifugal  oil  pump  is  pro- 
vided and  a  suitable  pressure  regulator  is  installed  to  start  up  this 
auxiliary  oil  pump  automatically  in  case  of  an  undue  drop  in  pressure 
in  the  system  from  any  cause  whatever. 

In  general,  the  turbine  is  of  rugged  construction,  built  for  continuous 
service  and  is  of  pleasing  appearance,  and,  judging   from  the  reports 
furnished  by  customers  who  are  operating  these  units,  they  have  given 
unqualified  satisfaction. 
•         A  cross  section  of  our  standard  machine  is  shown  in  Fig.  1. 

General  Electric  Company 

Since  our  last  statement  two  years  ago  in  reference  to  turbines,  war 
conditions,  have,  of  course,  made  the  undertaking  of  new  commercial 
development  on  a  large  scale  very  difficult.  It  was  necessary,  never- 
theless, to  carry  through  the  new  designs  which  we  had  already  started 
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and  to  do  a  great  deal  of  development  work  to  meet  the  requirements 
of  the  Navy  and  Emergency  Fleet  Corporation. 

At  a  time  when  we  were  hard  pressed  for  skilled  labor  of  all  kinds, 
it  was  extremely  difficult  to  give  the  time  and  attention  necessary  to  the 
development  of  new  designs.  The  engineering  and  manufacturing  or- 
ganizations could  not  be  expanded  quickly  enough,  by  the  addition  of 
thoroughly  trained  men,  to  meet  fully  the  enormous  demand  which  sud- 
denly came  upon  us.  We,  like  all  other  manufacturers,  suffered  severely  on 
account  of  the  loss  of  skilled  men  who  went  in  the  service,  over  8000 
employees  leaving  us  on  this  account.  These  men  had  to  be  replaced  by 
less  skilled  men  and  in  addition  a  greatly  increased  force  recruited 
from  all  sources. 

We  also  experienced  great  difficulty  in  securing  the  quantity  and 
quality  of  materials  required  for  the  manufacture  of  turbines.  The 
producers  of  all  lines  of  materials  and  accessories  were  surfeited  with 
business,  were  required  to  carry  on  production  under  the  same  disad- 
vantages that  we  suffered  from,  and  in  endeavoring  to  meet  the  demands 
for  maximum  production  undoubtedly  encountered  most  serious  obstacles 
in  the  way  of  maintaining  quality  equivalent  to  pre-war  standards. 

The  severe  handicaps  under  which  we  were  working  were  neces- 
sarily reflected  to  some  extent  in  the  turbines  manufactured  during  this 
period  of  stress,  and  a  number  of  machines  have  been  subject  to  trouble 
of  one  kind  or  another.  Cases  of  trouble  have  not,  by  any  means,  been 
confined  to  turbines  of  new  types  but  have  occurred  in  recently  built 
turbines  of  the  older  types. 

Actual  experience  was  required  to  show  that  our  inspection  system, 
which  had  previously  proved  to  be  amply  protective,  was  not  under  the 
new  conditions  sufficiently  thorough  or  comprehensive,  and  it  has  been 
necessary  to  elaborate  it.  This  has  been  done,  and  with  the  return  to 
more  nearly  normal  conditions  the  severe  handicaps  under  which  we 
have  been  working  during  the  last  two  years  are  being  removed.  We 
feel  greatly  encouraged  by  the  results  already  attained  and  have  the 
utmost  confidence  that  from  this  time  on  the  production  and  operation 
of  Curtis  steam  turbines  will  be  on  the  same  satisfactory  basis  that 
existed  in  former  times.  No  radical  changes  in  existing  designs  of  tur- 
bines are  contemplated.  The  general  features  of  design  of  a  7500  kw. 
and  a  45,000  kw.  machine  are  shown  in  Fig.  2  and  Fig.  3. 

A  very  large  number  of  turbines  and  gears  have  been  furnished  to 
the  Emergency  Fleet  Corporation  for  propelling  cargo  boats  and  to  the 
U.  S.  Navy  for  destroyers.  In  addition,  turbo-generators  have  been  sup* 
plied  and  are  on  order  for  the  electric  propulsion  of  large  warships  for 
the  Navy.  For  the  latter  purpose  turbo-generators  of  individual  capacity 
up  to  35,000  kw.  are  on  order. 

The  Company  has  built  and  will  continue  to  build  direct  current 
turbo-generators,  also  turbo-generators  for  special  application,  indud- 
'  ing  steam  extraction,  low  and  mixed  pressure  units,  and  turbines  for 
mechanical  drive. 
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Fig.  2— General  Electric  7,500  Kw.  Unit 


Fig.  3 — General  Electric  45,000  Kw.  Unit 
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Kerr  Turbine  Company 

Kerr  turbines  are  of  two  principal  types— the  older  or  multi-pressure 
impulse  type,  and  the  newer  or  velocity  stage  turbine.  They  are  built 
for  high  pressure,  condensing,  noncondensing  low  or  mixed  pressure  ser- 
vice. A  large  number  of  turbines  for  marine  propulsion  and  many  of 
the  extraction  or  bleeder  type  have  also  been  built. 

Recent  developments  on  our  turbines  consist  chiefly  of  thi  perfecting 
of  mechanical  details  on  the  multi-pressure  stage  machine,  and  complete 
design  of  the  velocity  stage  machine  for  small  horse  powers. 

Our  turbines  are  designed  primarily  to  be  absolutely  reliable,  safe 
and  satisfactory  in  operation,  as  this,  in  the  opinion  of  engineers,  con- 
stitutes the  main  requisites  of  a  piece  of  machinery.  All  rotating  parts 
are  designed  to  give  the  maximum  strength,  and  are  carefully  machined, 
ground  and  balanced.  Clearances  between  rotating  and  stationary  parts, 
are  large.     Bearing  temperatures  are  kept  low. 

Even  though  steam  economy  is  considered  of  secondary  importance, 
particularly  for  small  machines,  our  turbines  embody  certain  features 
of  design,  as. will  be  outlined  later,  which  permit  them  to  show  a  per- 
formance for  the  majority  of  conditions  unexcelled  by  any  other  turbine 
builder. 

The  casings  in  both  of  the  above-described  types  of  turbines  are 
made  up  of  steam  and  exhaust  ends  which  are  provided  with  supports 
for  bolting  to  bed  plate  and  between  which  are  the  circular  steel  or  iron 
diaphragms  containing  the  nozzles  for  the  pressure  stage  turbine,  and 
intermediate  holders  with  reversing  chambers  for  the  velocity  stage  type. 
The  diaphragm  castings  are  arched  at  the  center  and  are  centered  with 
each  other  and  with  the  two  end  castings  by  turned  and  bored  tong^ue- 
and-grroove  joints  packed  with  fibrous  packing  laid  in  graphite  and  oil. 
The  sections  are  boUed  together  by  continuous  stay  bolts  passing  through 
drilled  holes  in  the  flange  of  one  end  of  the  casting  and  tapped  into  the 
flange  of  the  other.  The  diaphragms  are  split  and  when  bolted  together 
with  exhaust  and  steam  ends,  the  upper  halves  form  a  cover  which  may 
be  lifted,  exposing  the  entire  rotor  for  inspection  or  repairs.  For  smaller 
size  turbines  the  end  castings  are  each  bored  to  receive  the  main  bearing 
cases.  A  section  through  one  of  the  smaller  types  of  turbines,  as  shown 
in  Fig.  4,  brings  out  the  general  features  of  design. 

It  is  generally  known  and  appreciated  that  the  fact  that  diaphragms 
can  be  added  or  removed  from  certain  frames  of  turbines  without  any 
change  other  than  lengthening  or  shortening  the  turbine  shaft,  is  of  the 
greatest  advantage  from  the  thermodynamic  standpoint.  The  thermody- 
namic efficiency  of  a  turbine  of  any  type,  excluding  windage  friction,  is 
a  function  of  the  ratio  between  blade  and  steam  velocities.  By  adding 
stages  for  exceptional  conditions,  such  as  low  rotating  speeds,  high 
steam  pressures  and  good  vacuum,  and  removing  stages  for  conditions 
in  the  opposite  extreme,  namely  high  rotating  speeds,  low  steam  pressures 
and  high  exhaust  pressures,  it  is  possible  to  adjust  the  number  of  stages 
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so  as  to  get  the  best  possible  efficiency  for  each  condition.  The  sectional 
construction  lends  itself  extremely  well  to  complex  conditions  of  opera- 
tion. So,  for  instance,  condensing  turbines  are  built  to  develop  full  load; 
non-condensing  and   bleeder   turbines   can   be  made   to   bleed   the   total 
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amount  of  steam  at  bleeder  pressure;  in  other  words,  operating  non- 
condensing,  etc. 

On  rotors  of  the  larger  size  machines  the  bucket  wheels  arc  forged 
integral  with  a  central  hub  and  forced  by  hydraulic  pressure  onto  a 
tapered  steel  shaft.  In  the  smaller  units  each  bucket  wheel  is  bolted  onto 
a  three-piece  split  hub,  fitted  to  the  shaft  and  kept  from  lengthwise  or 
rotating  movement  by  pin  keys.  A  split  mitred  key  is  forced  by  a  lock- 
nut  into  the  bore  of  the  disk  and  against  a  turned  taper  on  the  hub.  The 
wheels  are  machined  from  sheet  steel  or  steel  forgings,  depending  upon 
their  size,  and  are  drilled  and  slotted  to  receive  the  shanks  of  the  buckets. 
The  buckets  are  made  of  a  nickel  steel  particularly  well  adapted  to  with- 
stand erosion.  Buckets  undergo  a  heat-treatment  to  get  the  maximum 
strength  and  are  restruck  by  a  special  method  to  get  the  best  possible 
finish,  which  will  decrease  the  steam  friction  and  increase  the  efficiency. 
Buckets  are  provided  with  a  shank  and  bulb  at  the  inner  end  and  are 
inserted  sideways  into  the  rim  of  the  wheel  and  securely  rivetted  into 
place.  This  type  of  blading  is  undoubtedly  the  safest  of  any  used  in 
modem  steam  turbine  practice. 

Steam  is  admitted  through  a  double  beat  balance  valve,  the  stem  of 
which  is  connected  on  the  smaller  turbines  through  one  single  lever  to 
the  governor.  On  larger  machines  instead  of  the  direct  acting  governor, 
a  so-called  oil  relay  governor  controls  the  movement  of  the  valve  through 
a  small  oil  pilot  which  operates  the  piston  of  the  main  steam  valve. 
Turbines  are  provided  with  an  overspeed  governor  on  the  main  shaft 
as  an  additional  precaution  in  case,  through  some  accident,  the  main 
governor  should  fail  to  ftinction. 

Leakage  of  steam  along  the  shaft  at  the  steam  and  exhaust  ends 
and  between  stages  is  prevented  by  floating  carbon  packing  rings,  held 
in  place  by  spiral  springs  and  stops.  The  packing  at  the  steam  end 
consists  of  a  number  of  these  rings  with  two  leakage  connections  taken 
from  selected  points  between  them  and  piped  to  the  low  pressure  stages. 
On  condensing  turbines  one  of  these  leakage  pipes  is  connected  to  the 
exhaust  end  packing  so  as  to  form  a  steam  seal  and  prevent  air  from 
being  drawn  through  this  packing  to  the  condenser. 

The  main  bearings  arc  of  the  self-aligning  split,  babbitt  lined  type, 
and  on  the  larger  size  arc  provided  with  oil  under  a  pressure  of  about 
six  pounds,  the  oil  being  supplied  by  a  reservoir  in  the  bed  plate  and 
the  required  pressure  being  obtained  from  a  gear  pump  attached  to  the 
lower  end  of  the  governor  spindle.  Before  being  used  the  oil  is  forced 
through  a  nest  of  water-cooled  brass  tubes  located  in  the  bedplate,  and 
after  having  passed  through  the  bearings  is  returned  to  the  reservoir. 
On  the  large  units  a  small  auxiliary  turbine-driven  centrifugal  oil  pump, 
bolted  to  the  reservoir  and  with  impeller  submerged  in  the  oil,  automati- 
csijly  serves  the  bearings  with  oil  while  the  turbine  is  being  started  or 
stoppe4.    On  smaller  size  turbines  ring  oil  lubrication  is  employed. 

The  genera!  design  of  Kerr  turbines  in  both  large  and  small  sizes 
is  illustrated  in  Figs.  5  and  6. 
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Westinghouse  Electric  and  Manufacturing  Company 

The    accompanying   figures    give    information    regarding    our    tandem 
and  cross  compound  turbines: 


Type 

Weight 

Length    Width 

Height 

Rating 

Tandem 

1,200,000 

72'  9"       20'  r 

20'  9W 

35,300  kv-a. 

Cross  Compd., 

.    1,360,000 

47'  8"       42'  2" 

18'  9" 

47,200  kv-a. 

The  above  data  cover  the  tandem  machine  we  built  for  the  Com- 
monwealth Edison  Company  and  the  cross  compound  we  built  for  the 
Duquesne  Light  Company  and  the  Narragansett  Electric  Lighting  Com- 
pany. In  both  cases  they  are  60  cycle  units,  the  Commonwealth  running 
at  1200  RPM,  while  the  cross  compound  runs  at  1800  RPM  for  the  high 
pressure  and  1200  RPM  for  the  low  pressure.  You  will  see  that  the 
weight  per  kilowatt  for  the  tandem  is  somewhat  greater  than  the  cross 
compound.  However,  this  weight  per  kilowatt  would  be  very  close  for 
both  cases  if  we  could  compare  exact  sizes. 

The  cost  per  kilowatt  of  the  two  sizes  may  be  assumed  to  be  practi- 
cally identical.  The  steam  end  of  the  tandem  machine  is  somewhat  more 
expensive,  while  the  two  generators  on  the  cross  compound  will  exceed 
the  cost  of  the  single  generator  about  enough  to  equalize.  The  difference 
in  efficiency  between  the  two  types  is  within  2  per  cent. 

As  to  a  general  comparison  of  the  two  types  from  a  manufacturing 
standpoint,  we  can  build  either  type  quite  comfortably,  although  it  is  per- 
haps a  little  easier  to  turn  out  the  cross  compound  machine.  It  is  more 
of  a  job  to  assemble  the  tandem  machine  complete  on  the  testing  founda- 
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tion  than  it  is  to  test  the  high  and  low  pressure  elements  of  the  cross 
compound  separately.  The  stresses  in  both  types  are  quite  low,  the 
materials  employed  are  of  ordinary,  readily  obtained  quality,  and  the 
testing  and  inspection  is  all  of  a  character  well  within  the  usual  stand- 
ards of  good  shop  practice. 

Whatever  there  is  to  be  said  about  the  two  types  bears  more  par- 
ticularly upon  the  operation  side,  and  on  this  question  opinions  will  dif- 
fer. There  are  some  engineers  who  seem  to  prefer  the  single  shaft  unit, 
as  they  feel  that  the  single  generator  best  fits  the  operating  conditions. 
The  tandem  machine  has  the  merit  of  dividing  the  cylinder  structure 
into  two  parts,  which  removes  the  problem  of  design  that  comes  with  an 
excessively  large  single  cylinder  structure  with  its  possibilities  of  in- 
stability. It  also  confines  the  high  temperatures  to  a  small  steel  cylinder, 
a  point  of  particular  importance  as  we  approach  the  question  of  higher 
temperatures  of  steam.  It  is  true  that  a  mishap  in  either  cylinder  would 
be  likely  to  disable  the  whole  machine. 

Our  own  view  has  rather  favored  the  use  of  two  separate  elements 
in^  these  larger  sizes,  and,  as  you  know,  we  have  gone  to  three  elements 
in  the  60,000  kw.  size.  We  think  that  the  cross  compound  offers  the 
maximum  assurance  of  operating  reliability.  We  do  not  see  anything 
in  the  operation  of  a  40,000  kw.  cross  compound  that  presents  any  new 
problems  over  operating  two  20,000  kw.  single  units.  The  three  30,000 
kw.  machines  at  the  74th  Street  Interborough  plant  in  New  York  have 
had  a  four  years'  operating  record,  so  there  has  been  a  good  deal  of 
actual  experience  with  them.  If  actual  operation  means  anything,  they 
have  proved  out.  From  a  design  standpoint  nothing  could  be  much 
simpler.  The  cross  compound  machine  should  perhaps  be  looked 
upon  from  an  operating  viewpoint  as  one  unit,  but  there  is  the  point 
that  if  anything  happehs  to  the  high  pressure  side,  the  low  pressure  can 
be  operated  at  about  half  the  unit  capacity,  and  so  your  eggs  are  not 
quite  all  in  one  basket.  The  operating  record  of  the  tandem  machines 
at  Chicago  has  been  so  good,  however,  that  they  have  certainly  justified 
the  type,  but  it  still  remains  true  that  a  mishap  could  put  the  entire  tandem 
unit  out  of  service,  which  with  the  cross  compound  machine  still  enables 
you  to  use  half  of  its  capacity. 

Summing  up  a  comparison  of  the  two  types,  the  choice  between 
them  seems  to  be  more  a  matter  of  taste  or  opinion  than  one  of  defined 
judgment.  The  record  of  large  turbines  up  to  date  has  proved  one  thing, 
that  the  single  cylinder  design  has  found  its  limit  of  reliability  and 
efficiency  at  25,000  to  30,000  kw. ;  that  above  30,000  kw.  we  must  go  to 
the  multi-cylinder  type  in  order  to  have  the  mechanical  design  sufficiently 
reliable  to  justify  these  larger  sizes.  And  it  seems  also  true  that  we 
must  go  to  these  larger  sizes  for  our  bigger  stations  in  order  to  get 
the  operating  cost  where  it  belongs.  If  it  be  said  that  equally  high 
efficiency  could  be  secured  in  smaller  machines,  such  as  20,000  kw.,  the 
answer  is  that  the  cost  per  kilowatt  to  achieve  that  result  would  be  pro- 
hibitive. 
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In  addition  to  the  record  of  progress  on  large  machines, 
your  Committee  has  received  the  following  statements  from 
manufacturers  regarding  small  turbines  for  driving  auxiliar]^ 
equipment : 

General  Electric  Company 

About  three  years  ago  we  developed  a  line  of  turbines  particularly 
for  mechanical  drive  applications  and  known  as  the  type  "L."  Since  that 
time,  we  have  sold  over  90,000  horse  power  for  this  class  of  service 
alone,  the  number  of  machines  being  between  800  and  900,  and  the  operat- 
ing record  of  the  machines  has  been  exceptionally  good. 

The  line  of  turbines  includes  machines  from  10  to  500  horse  power 
at  speeds  up  to  3600  rev.  per  min.  Any  steam  pressure  and  superheat 
may  be  used  up  to  the  highest  in  commercial  use  in  large  stations. 

These  turbines  meet  two  conditions:  First,  that  individual  machines 
are  designed  to  suit  each  customer's  particular  operating  conditions; 
and  second,  that  the  foregoing  can  be  accomplished  with  a  machine  made 
up   from  parts  manufactured  on  a  quantity  basis. 

Both  of  the  above  ideas  are  carried  out,  and  the  type  "L"  machine 
combines  a  machine  designed  to  meet  any  given  set  of  conditions,  and, 
at  the  same  time,  one  which  is  built  oh  a  quantity  production  basis. 

Each  machine  is  made  up  of  standard  parts,  which  are,  in  the  main, 
as  follows:  Nozzle  plates,  shaft  and  wheels,  high  pressure  head,  wheel 
casings,  exhaust  head,  operating  governor,  governor  valve,  emergency 
valve. 

Nozzle  plates  are  made  up  in  quantity,  but  the  nozzles  are  not 
drilled  until  an  order  is  received.  The  shop  is  equipped  with  engineer- 
ing data  to  make  nozzles  suitable  for  use  with  wheels  having  buckets 
of  different  heights,  and  for  each  height  there  are  reamers  available 
giving  nine  expansion  ratios.  A  machine,  for  example,  can  be  equipped 
with  from  one  to  fifty  small  nozzles  or  from  one  to  twenty-eight  large 
nozzles,  and  each  one  of  these  nozzles  may  be  furnished  with  any  one 
of  nine  expansion  ratios.  The  ratio  of  areas  possible  between  one  small 
nozzle  and  the  maximum  number  of  large  nozzles  is  1  to  90,  and,  as  may 
be  figured  from  the  above  data,  the  progress  from  the  smallest  to  the 
largest  area  can  be  made  in  702  separate  steps.  It  will  easily  be  seen 
from  the  above  that  the  statement  that  the  nozzle  is  designed  specifically 
for  the  customer's  •conditions  is  correct  for  all  practical  purposes. 

The  wheels  are  made  up  with  different  bucket  heights,  and  each 
bucket  height  is  made  with  two  sets  of  bucket  angles,  known  as  the 
high  speed  and  low  speed  combination.  Any  of  these  may  be  supplied 
with  clockwise  or  counter-clockwise  rotation.  Or,  in  other  words,  there 
are  a  number  of  different  standard  bucket  wheels  carried  in  produc- 
tion. Any  of  these  may  be  supplied  with  alloy  or  steel  buckets,  depend- 
ing on  temperature  conditions,  and  any  wheel  or  combination  of  wheels 
may  be  assembled,  depending  on  whether  a  one,  two  or  three  stage  tur- 
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bine  is  required.  Three  shafts  are  provided  to  take  care  of  machines 
having  different  numbers  of  stages. 

A  high  pressure  head  with  a  short  nozzle  arc  is  used  for  small 
horse  powers,  high  steam  pressures,  or  for  such  conditions  as  require 
a  small  number  of  nozzles.  This  head  is  furnished  in  steel  or  iron, 
depending  on  temperature  conditions.  A  long  arc  head  is  used  when 
more  nozzles  are  required  than  can  be  assembled  with  the  short  arc  head, 
or  in  all  cases  where  a  hand  valve  is  required.  This  head  is  also  fur- 
nished in  iron  or  steel,  depending  on  conditions. 

An  exhaust  head  with  8-inch  diameter  exhaust  is  used  on  all  ma- 
chines having  a  steam  flow  up  to  the  capacity  of  the  8-inch  opening.  A 
14-inch  head  is  used  for  steam  flows  beyond  the  capacity  of  the  8-inch 
head.  The  14-inch  head  may  be  furnished  either  right  or  left  hand 
or  looking  downward. 

A  partially  dis-assembled  Type  L  turbine  is  illustrated  in  Fig.  7  which 
brings  out  the  noteworthy  features  of  design. 


Fig.  7 — General  Electric  L  Turbine  Partially  Dis-assembled 

The  diaphragms  are  furnished  in  either  steel  or  iron,  depending  on 
steam  temperature  and  pressure  conditions.  On  receipt  of  customer's 
order,  the  diaphragms  are  drilled  with  the  proper  number  and  kind  of 
nozzles. 

The  operating  governor  is  furnished  for  speeds  from  1200  rev.  per 
min.  to  3600  rev.  per  min.  by  using  various  combinations  of  standard 
weights  and  springs,  and  when  assembled  for  a  given  normal  speed  may 
be  adjusted  while  the  machine  is  running  for  a  considerable  range  of 
speed  from  normal. 
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The  operating  governor  and  valve  are  assembled  with  the  governor 
lever  as  well  as  with  a  hand  wheel,  by  which  the  speed  of  the  machine 
may  be  regulated  while  the  turbine  is  in  operation.  To  accomplish  this 
speed  change,  the  regulation  of  the  governor  is  made  broad,  i.e.,  there  is 
a  wide  variation  between  the  speed  at  which  the  governor  weights  com- 
mence to  move  and  the  speed  at  which  they  have  reached  their  maximum 
travel.  The  movement  of  the  weights  is  several  times  that  necessary  to 
move  the  governor  valve  from  entirely  open  to  entirely  closed.  G)nsc- 
quently,  by  moving  the  hand  wheel,  the  operating  range  of  the  governor 
may  be  adjusted  at  any  position  between  the  minimum  and  maximum 
speeds  determined  by  the  movement  of  the  weights. 

From  the  foregoing  description,  it*  will  be  evident,  although  the 
type  "L"  machine  is  in  general  made  up  from  a  very  few  parts,  that 


Fig.  8 — General  Electric  Type  L  Turbine  Driving 
Lea-Courtenay  Pump 

there  are  a  number  of  variations  to  each  part  and  that  the  number  of 
combinations  which  can  be  made  is  practically  infinite;  or,  in  other  words, 
that  it  is  no  exaggeration  to  say  that  each  machine  is  designed  exactly 
for  the  conditions  for  which  it  is  sold. 

All  machines,  whether  built  with  one,  two  or  three  stages,  have  the 
wheel  casing  split,  so  that  the  top  half  of  the  casing  may  be  lifted  with- 
out dis-assembling  the  machine  and  the  bucket  wheels  and  nozzles  readily 
inspected.  The  turbines  may  be  furnished  with  a  speed  control  governor, 
or  with  a  safety  stop  only,  for  cases  where  the  turbine  is  used  to  drive 
a  boiler  feed  pump,  and  the  speed  is  controlled  by  a  water  pressure 
regulator.  Both  governors  may  be  supplied  if  required,  and  the  steam 
inlet  may  be  placed  vertically,  thus  making  a  machine  well  suited 
for  use  in  cramped  positions  where  space  is  at  a  premium. 

In  order  to  produce  type  "V*  turbines  in  accordance  with  the  plan 
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laid  out,  it  has  been  necessary  to  equip  a  new  shop  for  the  manufacture 
of  these  units,  where  all  operations  have  been  standardized  nnd  where 
a  large  number  of  special  machine  tools  have  been  installed  to  permit 
rapid  and  economical  manufacture. 

The  type  "L"  turbine  has  been  sold  largely  for  use  in  driving  pumps 
of  various  kinds,  but  is  well  adapted  for  driving  any  of  the  auxiliary 
apparatus  in  a  central  station.  The  design  has  been  thoroughly  stand- 
ardized and  tested  by  several  years  of  operation  under  all  sorts  of  oper- 
ating conditions,  and  the  type  "L"  turbines  have  been  found  to  be 
uniformly  satisfactory.  Fig.  8  and  Fig.  9  show  the  application  of  this 
type  of  turbine  for  pump  drive. 


Fig.  9— General  Electric  Type  L  Turbine  driving  Pump 

The  Steam  Motors  Company 

The  advantages  of  the  steam  turbine  auxiliary  over  the  reciprocating 
type,  with  the  pressures  and  temperatures  encountered  in  modem  cen- 
tral station  practice,  have  been  sufficiently  well  established,  so  that  no 
comments  on  this  phase  of  the  subject  are  necessary  at  this  time. 

The  relative  merits  of  the  electrical  drive  vs.  the  turbine  drive  will 
be  dealt  with  later. 

The  impulse  principle  is  used  exclusively  for  all  small  machines, 
as  the  reaction^ or  Parsons  type  is  commercially  impracticable  below 
say  500  horse  power. 

Four  distinct  types  of  machines  are  now  extensively  used,  the  prin- 
ciples of  which  are  shown  diagramically  in  Fig.  10. 

A.  The  helical  flow  type  made  by  the  Terry  Steam  Turbihe 
Company,  B.  F.  Sturtevant  Company  and  Whitton  & 
Company. 
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Fig.  10— Design  Features  of  Various  Classes 
OF  Turbines 

B.  The  single  wheel  reentry  type  made  by  Westinghouse  Com- 

pany,   Allis-Chalmers    Company    and    Mid-West    Engine 
Company. 

C.  Multi-wheel   velocity   stage   type   made   by  General   Electric 

Company,  DeLaval  Steam  Turbine  Company,  Moore  Steam 

Turbine   Company,   Terry   Steam   Turbine   Company,   Al- 

berger  Company  and  Steam  Motors  Company. 

In   addition   to   the  above,   there    is    Group   D   which   consists   of 

multi-stafi:e  machines  made  up  of  several  pressure  stages,  incorporating 

one  or  more  of  the  principles  enumerated  above,  or  using  the  straight 

Rateau  principle  having  only  one  velocity  stage  per  pressure  stage. 

The  machines  in  this  group  are  manufactured  by  the  General  Electric 
Company,  Kerr  Steam  Turbine  Company  and  Moore  Steam  Turbine 
Company. 

As  in  laiiger  machines,  considerable  development  has  taken  place  dur- 
ing the  last  few  years  in  the  designing  of  small  turbines  to  meet  the 
requirements  called  for  with  changing  operating  conditions. 

Based   on   the   difficulties   experienced   with   the   designing   of   the 
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earlier  machines,  this  development  has  been  directed  principally  along 
the  following  lines: 

1.  To  increase  the  general   reliability  by  more  rugged  designs 

to  insure  permanent  alignment;  misalignment  being  respon* 
sible  for  a  great  majority  of  the  troubles  experienced  with 
long  machines  having  a  multiplicity  of  bearings. 

2.  A  general  appreciation  of  the  fact  that  the  so-called  flexible 

coupling  is  not  flexible  at  high  speed,  and  a  general  ten- 
dency to  eliminate  its  use  in  modem  designs. 

3.  The  design  of  the  supporting  members  of  the  casing  to  elimi- 

nate excessive  raising  and  lowering  of  the  center  line  of 
the  shaft  with  large  ranges  in  temperature. 

4.  Reflnements  in  the  design  of  glands  to  pack  effectively  against 

large  ranges  of  back  pressure  without  the  use  of  lubricants. 

5.  The  design  of  casings  so  that  cast  steel  can  be  used  in  such 

places  as  are  subjected  to  high  temperatures  without  the 
necessity  of  making  all  the  casing  proper  of  steel  and  the 
subsequent  risk  of  excessive  scrappage. 

6.  Increasing  the  efliciency  due  to  the  decreasing  demand  for  ex- 

haust steam  for  feed  water  heating  with  the  use  of  econo- 
mizers. 

There  can  be  no  hard  and  fast  law  laid  down  as  to  the  standard  of 
efficiency  or  water  rate  that  must  be  reached  in  the  small  auxiliary  turbine. 
In  many  cases  a  low  efliciency  machine  is  not  only  permissible  but  desirable. 
In  other  cases,  where  the  requirements  of  exhaust  steam  are  limited, 
efficiency  is  of  considerable  importance,  but  in  no  case  must  it  be  con- 
sidered of  primary  importance  if  its  reliability  is  impaired  by  complica- 
tions necessary  to  obtain  the  desired  economy;  each  proposition  must, 
therefore,  be  considered  in  the  light  of  the  particular  requirements  of 
the  station. 

The  difference  in  steam  consumption  with  these  machines  cannot 
be  capitalized  in  anywhere  near  the  same  degree  as  in  the  main  unit, 
if  an  efficient  utilization  of  the  exhaust  steam,  either  in  the  feed  water 
heater  or  main  low  pressure  turbine,  is  possible. 

By  referring  to  the  diagram  Fig.  11  it  will  be  seen  that  a  very  large 
range  in  actual  water  rate  has  a  really  very  small  effect  on  the  helat 
balance  of  the  station. 

Beginning  with  the  boiler  feed  pump,  it  is  generally  accepted  that 
this  should  be  steam  driven  rather  than  electrically  driven  to  insure 
continued  operation  in  the  event  of  electrical  disturbances  in  the  main 
circuits.  Also  the  location  of  such  pumps  often  makes  the  presence  of 
any  electrical  appliances  very  undesirable. 

Furthermore,  to  insure  the  maximum  of  reliability,  the  simplest  pos- 
sible type  of  prime  mover  is  desirable  at  this  point  even  at  a  sacrifice  of 
efficiency,  if  it  is  at  all  possible  to  use  the  exhaust  steam. 
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Fig.  11 — Operating  Characteristics  of 
Small  Turbines 


If  it  is  not  efficient  to  use  turbine  driven  auxiliaries  throughout  the 
station,  a  dividing  line  can  be  drawn  where  it  is  advisable  to  switch  over 
to  electrically  driven  units ;  special  attention  .being  paid  to  the  location 
bf  said  units  and  the  degree  of  intelligence  of  the  various  attendants. 

As  this  dividing  line  where  the  limit  is  reached  for  utilizing  all  the 
exhaust  steam  is  variable,  depending  upon  the  load  in  the  station,  a  most 
desirable  connecting  link  is  the  duplex  driven  pump  or  exciter,  consisting 
of  one  pump  or  generator,  driven  either  by  steam  or  by  an  electric  motor, 
with  switchboard  control  enabling  one  or  the  other  of  the  prime  movers 
to  be  used  as  the  requirements  of  the  heater  may  dictate. 

Reverting  again  to  the  efficiency  of  the  turbine  itself  and  how  tar 
reliability  may  be  sacrificed  to  obtain  a  better  economy,  this  again,  in  a 
large  measure,  must  be  determined  by  the  location  of  the  machine  and 
the  grade  of  operators  employed  to  look  after  it. 

For  circulating  pumps,  where  large  quantities  of  water  are  required 
at  low  heads,  the  geared  turbine  unit  finds  its  ideal  field,  and  on  account 
of  the  possible  presence  of  leaks  and  moisture  is  far  preferable  to  an 
electric  drive. 

For  other  service,  pumps,  etc.,  the  small  power  required  and  the 
little  saving  that  can  be  accomplished  in  the  overall  heat  efficiency,  be- 
tween a  single  stage  machine  and  one  of  the  more  efficient  multi-stage 
or  geared  type,  should  be  an  argument  in  favor  of  the  single  stage  type. 

The  fact  must  not  be  lost  sight  of  that  taking  a  single  stage  machine 
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with  a  certain  known  efficiency,  this  efficiency  can  be  increased  only  by 
increasing  the  diameter  of  the  wheel  or  by  increasing  the  number  of 
stages,  in  both  instances  resulting  in  a  marked  increase  in  first  cost  and 
greater  complications  due  to  increased  duty  on  the  bearings,  increased 
number  of  glands  to  keep  tight,  etc. 

Referring  again  to  Fig.  11,  the  average  efficiency  in  a  well  designed 
unit  will  be  found  to  fall  between  the  limits  of  35  and  45  per  cent.  The 
difference  in  water  rate  between  these  two  machines  is  36—27.5=8.5  lb., 
or  at  45  per  cent  efficiency  the  water  rate  is  bettered  23.6  per  cent,  but 
the  total  difference  in  heat  absorbed  by  the  turbine  is  only  2  per  cent. 

On  the  same  curve  is  plotted  the  approximate  diameter  of  a  single 
stage  2-row  Curtis  wheel  to  give  the  required  efficiency.  At  35  per  cent 
the  wheel  would  be  2.2  ft.  in  diameter  and  at  45  per  cent  3.2  ft.  It  has 
been  found  in  practice  that  the  cost  of  wheels  and  complete  machine, 
and  the  weight  of  runner  and  complete  machine,  vary  very  closely  as  the 
square  of  the  diameter,  so  that  in  a  single  stage  machine  the  45  per  cent 
machine  would  cost  twice  that  designed  for  35  per  cent. 

To  get  the  same  increase  in  economy,  by  staging^  using  the  2.2  ft. 
diameter  as  a  basis,  we  would  need  4  or  5  stages,  assuming  1  Curtis  and 
2  or  3  Rateau  stages  or  2  Curtis  stages,  resulting  in  the  same  ratio  of 
cost,  etc.,  as  by  increasing  the  diameter. 

Also  in  both  cases,  it  will  be  noted  that  the  duty  on  the  bearings  is 
double. 

One  marked  advantage  of  a  single  stage  machine  in  large  central 
stations  is  that  any  one  frame  can  be  jetted  to  cover  a  large  range  of 
horse  powers.  It  is  easier  to  line  up  than  a  long  machine,  and  therefore 
given  a  number  of  different  drives  using  the  same  frame  in  any  one 
station,  a  spare  or  idle  machine  can  be  transferred  from  *one  duty  to 
another,  by  the  simple  replacement  of  the  nozzle  block  to  stut  the  par- 
ticular requirements.  In  other  words,  the  utility  of  this  type  of  machine' 
is  the  same  as  that  of  an  electric  motor. 

To  summarize  the  points  brought  out  above: 

1.  The  design  of  the  whole  machine  should  be  considered  from 

a  standpoint  of  reliability  in  preference  to  water  rate 
efficiency  in  all  cases. 

2.  Where  exhaust  steam  requirements  are  limited,  a  multi-stage 

or  geared  machine  should  be  considered  from  the  view- 
point of  overall  economy  and  not  water  rate  only,  as 
brought  out  in  Fig.  11.  The  point  is  to  determine  whether 
with  a  big  reduction  in  water  rate,  the  net  overall  saving 
warrants  the  additional  complications,  or  whether  it 
would  be  better  to  have  fewer  lower  efficiency  machines 
and  at  the  point  of  'Inaximum  exhaust  steam"  to  switch 
over  to  electrical  drive. 

3.  The  location  of  the  machines  and  the  grade  of  attendants 
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employed  should  be  considered  seriously  in  deciding  the 
type  of  machine  to  adopt  For  instance,  a  highly  efficient 
automatic  nozzle  control  geared  generator  on  the  main 
engine  room  floor,  coming  under  the  direct  supervision 
of  the  chief  engineer  and  his  skilled  assistants,  would  be 
eminently  satisfactory.  On  the  other  hand,  the  same  ma- 
chine, placed,  say,  in  the  basement,  under  unskilled  help- 
ers, would  be  inviting  trouble. 

4.  At  the  dividing  line  between  steam  and  electrically 
driven  units,  the  duplex  pump  or  generator  set  should  be 
considered  as  forming  an  admirable  compensating  device  for 
maintaining  a  proper  heat  balance. 


CONDENSERS 

The  last  two  years  have  taxed  the  condenser  builders  in  the 
same  difficult  way  as  other  manufacturing  establishments.  The 
necessities  of  war  have  restrained  development  to  a  certain  ex- 
tent. Condenser  builders  seem  to  have  had  about  all  they  could 
do  to  meet  the  vast  requirements  thrust  upon  them  by  the  great 
national  manufacturing  program  and  the  rapid  expansion  of 
marine  work. 

During  this  period,  however,  there  has  been  developed  the 
steam  air  ejector,  which  has  come  into  a  very  prominent  place 
in  marine  work,  and  is  rapidly  coming  to  the  front  in  its  appli- 
cation to  power  plants.  Its  unqualified  success  at  sea  has  shown 
that  it  is  an  apparatus  that  will  soon  occupy  a  very  prominent 
place  in  future  condenser  installations.  We,  therefore,  believe 
it  should  be  brought  to  the  attention  of  those  concerned  with 
condenser  equipment  for  power  houses. 

The  following  firms  are  manufacturing  air  ejectors  applica- 
ble to  condenser  service,  that  is,  to  take  the  place  of  the  present 
reciprocating  or  hydraulic  air  pumps: 

Westinghouse  Electric  and  Manufacturing  Company, 
C.  H.  Wheeler  Manufacturing  Company, 
Alberger  Pump  and    Condenser  Company, 
Wheeler  Condenser  and  Engineering  Company, 
Elliott  Company. 
Croll-Reynolds  Company. 

Ejectors  as  made  by  the  various  manufacturers  are  usually 
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built  in  two  stages,  each  stage  partially  compressing  the  air  by 
ejector  action.  In  one  design  of  this  apparatus,  the  second  stage 
handles  both  steam  and  air  from  the  first  stage.  In  another, 
there  is  a  condenser  between  the  two  stages  which  condenses  the 
steam  delivered  from  the  first  stage  so  that  the  second  stage  has 
to  compress  air  only.  Better  efficiencies  and  steam  consumptions 
are  obtained  with  this  latter  type;  but  as  the  steam  consump- 
tion of  ejector  apparatus  is  generally  low  in  comparison  with 
the  total  auxiliary  steam,  manufacturers  of  the  type  not  using 
the  intermediate  condenser  claim  that  the  extra  complication  is 
unwarranted.  This  is  probably  a  fact  where  the  station  has  a 
proper  heat  balance,  inasmuch  as  the  ejector  without  the  inter- 
mediary condenser  returns  practically  all  its  heat  to  the  heater. 
This  latter  characteristic  is  a  thing  worth  mentioning.  As 
pointed  out  by  the  ejector  manufacturers,  while  the  steam  con- 
sumption of  an  ejector  may  be  slightly  higher  than  that  of  a 
hydraulic  air  pump  of  the  same  capacity,  its  overall  efficiency  is 
greater.  The  hydraulic  air  pump  takes  its  water  from  the  intake 
tunnel  and  discharges  back  into  it,  losing  the  heat  equivalent  of 
the  mechanical  work  done.  It  also  loses  some  heat  due  to  the 
discharge  of  steam  and  heated  air  from  the  condenser.  The 
steam  ejector  can  discharge  into  a  surge  tank,  and  thus  recover 
practically  all  the  heat  that  it  uses.  A  sketch  of  the  Westing- 
house-Le  Blanc  type  is  shown  in  Fig.  12. 
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Fig.  12— Outune  of  Westinxshouse  Le  Blanc  Am  Ejector 

Some  caution,  however,  must  be  used  in  the  installation  of 
these  ejectors.  The  difficulty  is  that  the  exhaust  from  the 
ejector  contains  all  the  air  that  has  been  ptunped  out  of  the  con- 
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denser.  It  is  not  safe  to  discharge  the  steam  and  air  f fom  these 
ejectors  into  the  present  type  of  heaters.  There  should  be  in- 
stalled a  large  surge  tank  into  which  the  make-up  and  the  dis- 
charge from  the  air  ejectors  should  be  carried.  The  tank  should 
have  a  free  atmospheric  vent  for  the  discharge  of  the  air,  allow- 
ing the  water  from  the  tank  to  overflow  into  the  heaters. 

During  the  last  two  years  a  number  of  the  larger  condensers 
installed  on  General  Electric  turbines  in  power  stations  have 
been  put  on  spring  supports  without  expansion  joints.  This 
method  seems  to  be  very  satisfactory. 

The  Westinghouse  Company  recommends  hanging  the  con- 
denser from  the  turbine  foundation,  which  method  is  also  sat- 
isfactory, as  it  accomplishes  practically  the  same  results  as  the 
spring.  In  one  case,  where  the  condenser  was  located  50  feet 
below  the  turbine  and  there  was  an  unusual  amount  of  expan- 
sion in  the  exhaust  piping,  the  expansion  joint  was  of  the  mer- 
cury type.    This  expansion  joint,  which  is  illustrated  in  Fig.  13, 


Fig.  13 — Mercury  Expansion  Joint 

is  nothing  more  than  a  mercury  seal  in  the  exhaust  line,  and  it 
allows  absolute  freedom  of  expansion.  It  seals  against  any 
vacuum  and  is  even  capable  of  sealing  against  5  pounds  back 
pressure. 

Your  Committee  is  in  receipt  of  statements  from  the  fol- 
lowing manufacturers  covering  developments  during  the  past 
year: 

Alberger  Pump  and  Condenser  Company 

The  Alberger  Air  Occluder  is  of  the  elector  type  of  air  removal 
apparatus,  using  steam  as  the  impelling  medium.  It  is  illustrated  in  all 
iU  desirable  static  simplicity  in  Fig.  14,  and  as  attached  to  a  surface 
condenser  m  Fig.  15. 

The  Occluder  consists  of  two  stages  arranged  in  series  with  an  inter- 
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Fig.  14 — Alberger  Air  Occluder 

cooler  of  cither  the  surface  or  jet  type  placed  between  them.;  The  first 
stage  is  connected  to  that  part  of  the  equipment  from  which  .the  air  and 
non-condensible  vapors  are  to  be  removed,  and  is  so  constructed  that 
the  entering  steam  entrains  the  air  and  non-condensible  vapors  and  com- 
presses them  to  the  pressure  existing  in  the  intercooler. 

The  mixture  of  steam  and  air  and  non-condensible  vapors  is  then 
discharged  into  the  intercooler,  which  by  condensing  the"  steam  and 
cooling-  the  air  and  noncondensible  vapors  reduces  the^  volume  to  be 
handled  by  the  second  stage.  This,  in  turn,  reduces  the  amotmt  of  steam 
required  for  operating  the  second  stage,  permitting  the  handling  of  high 
ratios  of  compression,  and,  as  a  result,  the  total  quantity  of  steam  re- 
quired by  the  Air  Occluder  is  relatively  small.  Without  the;  intercooler 
the  same  quantity  of  air  and  non-condensible  vapors  would  be  handled, 
but  a  much  larger  quantity  of  steam  would  be  necessary  for  operating 
the  second   stage. 

It  can  be  seen  readily  from  the  above  that  \^  condensing  the  steam 
used  in  the  first  stage,  the  air  handling  capacity  for  a  given  amount 
of  steam  is  greatly  increased. 

The  second  stage  withdraws  the  gases  from  the  intercooler  and  dis- 
charges them  against  atmospheric  pressure  or  against  a  back  pressure 
not  to  exceed  one  pound  above  atmospheric,  permitting  the  use  of  the 
exhaust  steam  for  heating  purposes. 

The  quantity  of  intercooler  water  required  is  small  and  can  be 
utilized  for  boiler  feed  make-up.  When  used  in  connection  with  a  sur- 
face condenser,  provision  must  be  made  in  the  design  of  the  condensate 
pump  to  handle  the  additional  amount  of  cooling  water  necessary  for 
the  operating  of  a  jet  intercooler,  although  this  item  may  be  neglected 
if  a  surface  intercooler  is  used.  The  temperature  of  the  intercooler 
water  should  be  no  higher  than  that  used  for  condensing  purposes. 
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Cr oil-Reynolds  Company 

The  Evactor  Air  Pump  is  of  the  steam  jet  type,  using  an  intcrcoolcr 
between  stages.  It  differs  from  all  others  in  having  two  second-stage 
nozzles,  and  with  this  arrangement  we  are  able  to  furnish  an  air  pump 
which  has  three  different  capacities  instead  of  one.  The  illustration 
of  the  Evactor  in  Fig.  16  brings  out  the  general  features  of  design. 

The  three  air  handling  capacities  are  obtained  by  the  following  ar- 
rangement of  nozzles: 
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Fig.  16— Croll-Revnolds  Evactor 

First  capacity — ^First-stage  and  one  of  the  second-stage  nozzles 

in  operation. 
Second  capacity—First-stage  and  the  other  second-itage  nozzles 

in  operation. 
Third  capacity—First-stage  and  both  of  the  second-stage  nozzles 
in  operation. 
You  can  readily  see  the  advantage  of  this  arrangement,  as  it  is  a 
well-known  fact  that  the  amount  of  air  to  be  removed  from  the  con- 
densing equipment  cannot  be  predetermined.    Therefore,  if  there  were  a 
large  air  leakage,  the  large  capacity  would  be  used,  and  if  there  were  a 
comparatively  small  leakage,  the  small  capacity  would  be  used. 

The  steam  nozzles  of  the  Evactor  are  of  Monel  metal,  the  exhaust 
nozzles  of  bronze  and  all  other  parts  except  the  nozzle  strainers  are  of 
cast  iron.  Another  advantage  of  our  air  pump  is  in  having  the  strainers 
directly  fitted  over  the  steam  nozzles  instead  of  having  them  in  the  lines 
leading  to  the  nozzles.  It  has  been  found  by  experience  that  a  strainer 
placed  in  the  steam  lines  leading  to  the  air  pump  is  not  satisfactory,  as 
the  scale  from  the  piping  between  the  strainer  and  the  steam  nozzles 
often  causes  trouble. 

We  give  you  herewith  an  idea  of  the  economy  of  the  Evactor: 

dPAOTY 

Cu.  ft.  free  Steam 

air  Cons,  in  lbs. 

per  min.  per  hr. 

at2''abs.  150tbs.LS.P. 

6.0  430  lbs 

9.5  570  lbs 

16^  850  Ibt 
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Wheeler  Condenser  and  Engineering  Company 

Referring  to  the  cross-sectional  view,  Fig.  17,  steam  for  both  nozzles 
enters  through  the  valve  shown  at  the  right.  Part  of  this  steam  passes 
upward  through  the  curved  steam  line  to  the  primary  nozzle,  as  plainly 
indicated.    The  high  velocity  attained  by  the  steam  in  passing  through 


Fig.   17— Wheeler  Condenser  and  Engineering  Company  Steam   Jet 

Air  Pump 

pressure  is  used  here  as  with  the  primary  nozzle.  The  function  of  the 
secondary-stage  nozzle  is  to  eject  air  only  from  the  inter-condenser  into 
the  atmosphere,  a  heater,  or  a  condensate  tank.  When  two  steam  jets 
operate  in  series  without  an  intermediate  condenser,  it  is  necessary  to 
supply  enough  steam,  to  the  second-stage  jet  to  entrain  not  only  the  air 
brought  in  by  the  first-stage  jet,  but  also  the  steam  from  the  first  jet. 
By  condensing  the  steam  from  the  first  stage,  the  second-stage  nozzle 
has  only  to  entrain  the  air  brought  in  by  the  first-stage  nozzle. 

The  intermediate  condenser  consists  of  two  separate  nests  of  tubes, 
one  to  the  left  and  the  other  to  the  right  of  the  cast-iron  partition.  The 
nest  of  tubes  to  the  left  of  the  partition  provides  for  four  passes,  and 
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contains  about  two-thirds  of  the  total  condensing  surface.  The  conden- 
sate from  the  main  surface  condenser  is  used  as  the  cooling  fluid  in  this 
compartment  when  used  in  connection  with  such  a  condenser.  Conse- 
quently the  heat  in  the  steam  from  the  first-stage  nozzle  is  absorbed  and 
utilized  by  the  condensate.  Even  when  the  main  unit  is  running  at  only 
three-quarters  load  and  there  is  approximately  three^iuarters  of  the 
full  amount  of  condensate  available,  this  quantity  is  still  ample  for  con- 
densing the  steam  from  the  first  nozzle. 

The  nest  of  tubes  to  the  right  of  the  partition  is  for  raw  circulating 
water  in  an  amount  equalling,  usually,  one-half  of  the  condensate  from 
the  main  condensing  unit  This  is  essential  for  starting  when  condensate 
is  unavailable,  and  also  for  running  at  very  light  loads  when  there  is  not 
condensate  enough  to  enable  the  machine  to  function  properly.  The 
piping,  of  course,  can  be  so  arranged  that  this  raw  water  can  be  shut 
off  after  the  machine  is  once  in  operation,  or  it  may  be  allowed  to  flow 
through  it  at  all  times,  and  serve  as  a  safety  measure  in  case  of  sudden 
diminution  in  the  amount  of  condensate. 

In  connection  with  a  jet  condenser,  we  provide  but  one  nest  of  tubes 
for  die  cooling  water.  Here  we  use  the  incoming  boiler  feed  makeup  as 
the  cooling  agent,  thus  utilizing,  as  in  a  surface  condenser,  the  heat  from 
the  first-stage  steam  jet.  If  the  customer  so  desires,  however,  raw  water 
can  be  used  in  the  inter-condenser  when  operating  with  a  jet  condenser, 
but  in  the  latter  case  the  heat  from  the  first-stage  steam  jet  is  wasted. 

Fig.  17  shows  a  single  ejector  applied  to  a  2000  kw.  surface  con- 
denser, and  Fig.  18  shows  a  triple  installation  for  use  with  a  20,000  kw. 
surface  condenser. 

It  will  be  noted  that  as  condensers  increase  in  size,  we  arrange 
these  jets  in  multiple  on  a  single  inter-condenser.  This  method  has 
many  advantages,  one  of  which  is  that  on  very  light  loads  one  of  the 
elements  can  be  shut  off,  with  a  consequent  saving  in  steam  consump- 
tion. Thus,  when  the  load  is  reduced  to  even  50  per  cent,  there  will 
still  be  enough  condensate  for  condensing,  and  raw  water  will  not  be 
needed. 

The  steam  from  the  secondary  nozzle  can  be  discharged  directly 
into  the  atmosphere  or  into  an  open  heater.  The  pressure  on  this  heater 
should  not  exceed  one  pound  gauge  pressure.  Where  closed  heaters  are 
used,  it  is  recommended  that  the  steam  be  discharged  from  the  secondary 
nozzle  Into  a  tank  of  suitable  size  and  there  be  condensed  by  the  conden- 
sate which  has  already  taken  up  a  certain  amount  of  heat  in  passing 
Ihrough  the  inter-condenser. 

C.  H.  WheeUr  Manufacturing  Company 

For  more  than  two  years  this  Company  has  furnished  a  large  num- 
ber of  power  plants  with  surface  and  jet  condensers  in  which  a  liew 
type  of  dry  vacuum  pump,  called  the  Radojet,  has  been  used  with  great 
success.    The  first  commercial  installation  was  put  in  operation  in  No- 
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vember,  1916,  and  since  that  date  the  Company  has  installed  or  has  on 
order  about  1000  Radojet  pumps. 

As  this  Company  pioneered  and  developed  the  ejector  type  of  air 


Fig.  19— C.  H.  Wheelek  Company  Radojet 


pump  for  land  practice,  a  short  description  of  the  Radojet  will  be  given. 
This  Radojet  is  illustrated  in  Fig.  19.  Its  principal  characteristic 
is  the  use  of  steam  jets  for  the  removal  of  air.  It  consists  of  two  steam 
ejectors  working  in  series;  the  upper  ejector  called  the  first  stage,  and 
the  lower,  the  second  stage. 


Digitized  by 


Google 


54 

Steam  is  delivered  through  strainer  1,  pipe  2,  auxiliary  steam  valve 
3,  strainer  4,  expansion  nozzles  5,  across  suction  chamber  6,  of  the  first 
stage  ejector,  which  is  in  communication  with  the  condenser  through 
the  suction  opening  "S." 

The  steam  expands  in  the  nozzles,  leaving  with  a  very  high  velocity, 
and,  while  passing  across  suction  chamber  6,  entrains  the  air  and  vapors 
to  be  compressed. 

The  mixture  passes  into  the  diffuser  7,  from  which  it  is  dis- 
charged at  higher  absolute  pressure  than  that  of  the  air  entering  al 
"S,"  into  a  double  passage  8,  communicating  with  the  suction  chambers 
9  of  the  second  stage.  These  two  suction  chambers  9  are  annular,  giv- 
ing the  commingled  fluid  a  large  entrainment  surface. 

Steam  is  simultaneously  delivered  through  the  strainer  1  into  pas- 
sage 10,  which  communicates  with  the  annular  expansion  nozzle  formed 
between  two  circular  discs  11  and  12.  Disc  12  may  be  adjusted  toward 
,  or  away  from  disc  11  by  the  adjusting  screw  13  to  vary  the  cross  section 
of  the  nozzle  passage,  thereby  changing  the  expansion  ratio  of  the  steam. 

The  steam  delivered  radially  by  the  annular  nozzle  11  and  12  ex- 
pands, leaving  it  as  a  jet  of  high  velocity  in  the  form  of  a  sheet.  In 
passing  across  the  suction  chamber  9,  it  entrains  on  both  sides  of  the 
sheet  the  commingled  air  and  steam  coming  from  the  first  stage  and 
carries  them  into  the  annular  diffuser  14,  thereby  compressing  the  mix- 
ture to  atmospheric  pressure  and  discharging  it  into  casing  15  which 
has  the  discharge  opening  P. 

The  mixture  discharged  at  D  may  be  delivered  to  a  small  tank  sup- 
plied with  fresh  water  fbr  boiler  feed  or  directly  into  a  vented  open 
feed  water  heater,  the  steam  contained  in  the  mixture  being  condensed 
and  returned  to  the  boiler. 

The  steam  consumption  of  the  Radojet  compares  favorably  with 
that  of  the  rotative  dry  vacuum  pump,  and  its  thermal  efficiency  is  prac- 
tically 95  per  cent,  as  neatly  all  the  heat  contained  in  the  steam  used 
for  compressing  the  air  and  vapors  is  utilized  to  raise  the  temperature 
of  the  boiler  feed  water,  the  losses  due  to  radiation  being  practically 
negligible. 

The  operation  of  the  Radojet  is  simple.  It  has  no  moving  parts  nor 
valves,  and  does  not  require  lubrication  or  attention  during  operation. 
It  is  noiseless.  Repairs,  even  after  long  periods  of  operation,  are  not 
necessary;  therefore  the  operating  expense  of  the  Radojet  is  lower  than 
that  of  any  other  type  of  air  pump,  and,  in  addition,  the  weight  and 
space  occupied  are  very  small. 

In  small  surface  condenser  installations  two  Radojets  are  generally 
provided,  each  being  of  sufficient  capacity  to  produce  the  required 
vacuum  with  a  normal  air  leakage  in  the  system.  This  gives  an  absolute 
assurance  against  shut-downs,  due  to  unexpected  leaks,  which  is  feasible 
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at  a  small  expense  only  with  the  Radojet,  on  account  of  its  small  size 
and  absence  of  foundations. 

The  amount  of  air  leakage  in  any  condensing  equipment  is  a  very 
variable  quantity.  Tests  on  a  number  of  25,000  square  feet  condensers 
indicate  air  leakages  of  3  to  13  cubic  feet  of  free  air  per  minute.  A 
45,000  kw.  unit  recently  tested  showed  air  leakage  averaging  6  cubic 
feet  per  minute.  With  displacement  air  pumps  it  is  necessary  to  pro- 
vide for  the  maximum  leakage  by  an  unnecessarily  large  pump.  With 
the  Radojet  system  this  is  accomplished  by  using  multiple  units,  which 


Fig.  20— C.  H.  Wheeler  Company  Jet  Condenser  with  Radojets 
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arrangement  provides  two  very  desirable  features;  absolute  assurance 
against  shut-down  from  the  air  pump  by  having  one  or  more  reserve 
units;  units  to  be  operated  with  maximum  steam  econoniy,  only  enough 
pumps  being  in  service  to  take  care  of  the  existing  air  leakage.  This 
arrangement  of  multiple  units  also  gives  an  exceptional  method  of  con- 
trolling the  maintenance  of  the  vacuum,  for  each  pump  has  a  definite 
air  removal  capacity  and  the  necessity  for  an  additional  pump  indicates 
a  change  in  air  leakage  which  might  mean  an  investigation. 

The  applications  of  the  Radojet  to  low  level  jet  or  barometric  con- 
densers have  also  been  numerous.  On  account  of  its  many  advantages,  it 
has  been  used  in  connection  with  condensers  of  this  type. 

It  is  operated  independently  of  the  removal  pump,  which  makes  the 
starting  of  the  condenser  easy  and  rapid  and  which  also  permits  the 
removal  pump  a  larger  range  of  speed  according  to  the  variations  in 
the  discharge  head.  An  installation  of  this  character  is  shown  in 
Fig.  20. 

In  addition,  we  also  manufacture  the  Radojet  with  a  surface  condenser 
between  stages,  which  may  be  used  in  power  plants  where  conditions  do 
not  permit  the  proper  utilization  of  the  exhaust  steam  and  where  a 
further  reduction  of  steam  consumption  is  desirable. 

During  the  past  two  years  the  shops  and  manufacturing  facilities 
have  been  practically  doubled  to  provide  for  jthe  increased  demand  for 
this  Company's  products,  which  include,  in  addition  to  surface,  jet  and 
barometric  condensers,  Radojet  and  Rotrex  vacuum  pumps,  circulating 
and  condensate  pumps,  feed  water  heaters,  cooling  towers  and  all  con- 
denser auxiliaries. 


Worthington  Pump  and  Machinery  Corporation 

The  Worthington  Pump  and  Machinery  Corporation  has  sold  two 
types  of  steam  air  ejectors,  both  with  and  without  inter-condenser,  and 
b  prepared  to  furnish  inter-condenser,  either  of  the  jet  or  surface  type, 
as  special  conditions  require. 

These  ejectors  are  the  result  of  years  of  study  and  experiment  both 
in  the  shop  and  in  service.  This  company  is  now  constructing  a  number 
of  two-stage  ejectors  as  well  as  a  multiple  unit  consisting  of  two  first- 
stage  and  one  second-stage  ejectors. 

The  first  of  these  multiple  equipments  which  is  nearly  completed  is 
shown  in  the  accompanying  illustration.  For  this  particular  installation 
it  was  necessary  to  have  the  first  stages  horizontal  and  the  second  vertical. 

The  Worthington  Company  is  not  offering  the  air  ejectors  to  re- 
place the  present  reciprocating  or  hydraulic  vacuum  pumps,  but  as  an 
alternate  so  that  the  customer  may  select  the  type  which  best  suits  his 
conditions. 
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The  steam  ejector  has  been  in  use  for  power  vacuum  work  for  some 
years,  but  no  earnest  attempt  has  been  made  to  introduce  it  in  land  work. 
The  unusual  conditions  during  the  recent  war  forced  the  more  general 
installation  of  ejectors  for  marine  use  than  would  have  been  the  result 
in  normal  times.  The  results  have  been  of  varying  value,  and  a  discus- 
sion upon  this  subject  before  a  marine  society  would  undoubtedly  bring 
forth  quite  different  views.  Ejectors  did  not  supplant  the  positive  displace- 
ment of  piston  type  of  twin  vacuum  pumps  for  navy  use — in  fact,  this 
company  supplied  upwards  of  600  pumps  of  that  type  for  the  United  States 
Navy  during  the  period  of  the  war.  We  are  still  selling  this  type  to  the  navy  . 
and  the  various  yards.  The  ejector  was,  however,  as  satisfactory  as  could 
be  expected  under  tlie  conditions.  In  marine  work,  both  space  and  weight 
are  of  importance  and  the  heat  balance  is  quite  different  from  that  in 
land  stations.  There  are  stationary  plants  where  it  will  tmdoubtedly 
work  in  to  good  advantage,  but  there  are  a  great  many  points  to  be  con- 
sidered and  a  new  set  of  complications  not  ordinarily  encountered.  In 
the  first  place,  the  steam  ejector  has  an  extremely  low  mechanical  efficiency 
which,  to  some  extent,  is  offset  where  the  total  heat  of  its  discharge  can 
be  utilized.  The  misleading  claim  is  sometimes  made  that  the  steam 
ejector  has  an  advantage  over  the  hydraulic  vacuum  pump  in  that  it  saves 
the  heat  equivalent  of  the  mechanical  work  performed.  The  steam  ejec- 
tor has  such  a  low  mechanical  efficiency  that  the  saving  so  effected  is 
negligible  in  the  station  economy. 

The  two  stage  non-condensing  ejectors  shown  in  the  illustration 
were  guaranteed  to  maintain  a  vacuum  corresponding  to  2  in.  absolute 
pressure  when  operating  upon  a  shop  test  handling  free  air  through  an 
orifice  (this  corresponds  to  compressing  this  amount  of  air  from  2  in.  to 
30  in.  absolute)  when  supplied  with  1650  lbs.  of  steam  per  hour— equivalent 
to  approximately  800  lbs.  for  a  condensing  ejector  which  is  a  fair  average 
for  different  types  of  ejectors.* 

The  actual  adiabatic  work  performed  is  4.16  h.p.,  having  a  heat  equiva- 
lent of  10,595  B.tu.  per  hour  and  a  steam  consumption  of  1922  lbs.  of 
steam  per  hour,  per  h.p.  of  work  performed  on  dry  air  orifice  test  Steam 
ejector  performance  should  properly  be  based  upon  a  dry  air  orifice  shop 
test  as  the  determination  of  air  actually  handled  in  service  with  the  steam 
ejector  would  be  a  very  complicated  matter — but  the  orifice  capacity  must 
not  be  confused  with  the  capacity  in  actual  service;  for  example,  with 
a  suitable  air  cooler  in  the  main  condenser,  cooling  the  non-condensible 
vapors  approximately  10  degrees  when  the  condenser  is  maintaining  2  in. 
absolute,  this  would  give  a  steam  vapor  pressure  of  1.5  in.  and  a  partial 


*  Note. — Tests  now  in  progress  would  indicate  the  probability  of  sub- 
stantial improvement  in  economy  for  the  latest  condensing  ejectors. 
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air  pressure  of  0.5  in.  in  the  mixture  going  to  the  steam  ejector,  so  that 
the  weight  of  air  handled  in  actual  service  would  be  but  one-quarter  that 
of  dry  air  at  the  same  total  pressure  in  orifice  test — for  the  same  steam 
consumption— correcting  for  temperature  the  actual  volume  of  free  air 
would  be  only  3.84  cu.  ft.  Correcting  for  the  weight  of  the  saturated 
mixture,  the  work  of  adiabatic  compression  would  be  only  2.89  h.p.    The 


Fig.  20a— Worthincton  Two  Stage  Ejector  with  Two  Ejectors  in  the 

First  Stage 


maximum  allowance  for  air  leakage  on  a  2000  lew.  unit,  say  at  30,000 
lbs.  steam  per  hour,  is  4  cu.  ft.  free  air  per  minute,  which  can  also  be 
taken  as  the  minimum  leakage  for  a  25,000  k.w.  unit  at  300,000  lbs.  steam 
per  hour.  Such  a  unit  operates  with  a  leakage  of  between  4  and  10  cu. 
ft.,  which  may  be  reduced  to  3  when  put  in  condition,  or  as  low  as  1 
cu.  ft.  in  special  instances.  The  evaporative  heat  for  30,000  and  300,000 
lbs.   steam  per  hour   is  30,000,000  and   330,000,000   B.t.u.   respectively- 
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evaporating  at  200  lbs.  and  150  degrees  superheat  from  212  degrees  fahr. 
The  percentage  of  saving  by  utilizing  the  heat  equivalent  of  the  actual 
ejector  work  for  4  cu.  ft  varies  from  0.023  to  0.0023  of  1  per  cent,  which 
is  a  station  economy  not  worth  discussing. 

The  steam  ejector  requires  more  steam  than  the  hydraulic  vacuum 
pump  and  several  times  as  much  steam  as  the  rotative  dry  vacuum  pump. 
The  hydraulic  vacuum  pump  may  occasionally  be  installed  to  take  its 
supply  from  the  suction  inlet  tunnel  and  deliver  to  the  discharge  tunnel, 
but  in  practically  all  of  the  Worthington  installations  the  cooling  water 
is  pumped  over  and  over  again,  thus  saving  in  the  pumping  power  re- 
quired and  calling  for  only  a  small  percentage  of  make-up,  which  in  some 
cases  might  be  used  to  advantage  as  make-up  for  the  feed.  The  hydraulic 
vacuum  pump  recovers  in  its  hurling  water  80%  of  the  heat  equivalent 
to  the  actual  work  performed,  but  even  at  this  rate,  the  increase  in  tem- 
perature of  the  hurling  water  is  only  at  the  rate  of  1  degree  in  anywhere 
from  5  to  10  or  15  minutes,  depending  upon  the  percentage  of  air  present 
in  the  vapors. 

The  purchasers'  requirements  as  regards  heat  balance  must  also  be 
considered  in  selecting  the  type  of  vacutmi  pump.  In  some  cases  the 
company  has  been  limited  to  an  amount  of  exhaust  from  the  condensing 
and  other  auxiliaries;  which  would  raise  the  feed  to  125  degrees  and  in 
one  case  to  110  degrees  fahr.  This  has  compelled  consideration  as  to 
whether  the  condensing  auxiliaries  should  be  driven  by  motor  and  such 
small  amount  of  steam  as  required  to  heat  the  feed  taken  from  some  stage 
of  the  main  turbine  or  whether  certain  of  the  auxiliaries  should  be  steam 
driven  and  exhaust  into  an  intermediate  stage  of  the  main  turbine.  In 
any  event,  such  conditions  cut  out  consideration  of  the  steam  ejector. 

At  the  present  time,  after  long  and  careful  operating  experience, 
the  wet  and  dry  system  has  been  practically  universally  adopted  and  the 
air  withdrawn  from  the  condensing  system  is  thrown  away  while  the 
condensate  freed  from  this  air  is  pumped  over  and  over  again  through  a 
closed  system.  A  better  vacuum  is  obtained  in  this  way  and  in  case  of 
trouble  it  has  been  possible  to  shut  down  the  dry  vacuum  pump  for  a  half 
hour  or  longer  without  serious  fall  in  vacuum. 

In  one  case,  under  test  conditions  the  dry  vacuum  pump  was  closed 
for  a  half  hour  with  loss  in  vacuum  of  only  0.3  in.  Dry  vacuum  pumps 
have  lately  been  built  with  a  heavy  fly-wheel  to  enable  slower  operation 
without  centering  and  the  range  in  possible  speeds  permits  an  elastkity 
corresponding  to  the  leakage  which  cannot  be  obtained  by  any  form  of 
ejector. 

The  steam  ejector  moreover  delivers  the  air  taken  from  the  condenser 
back  into  the  feed  water  ensuring  charging  the  feed  water  with  air  up 
to  its  capacity  at  the  temperature  and  pressure  carried.  In  a  paper  pre- 
sented before  the  National  Electric  Light  Association  at  Chicago  in  1916, 
curves  were  given  which  showed  the  effect  of  air  upon  the  performance 
of  the  condenser,  these  curves  being  based  upon  actual  operating  records 
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taken  at  random  from  the  records  of  the  New  York  Edison,  Waterside 
Station,  for  a  period  of  one  year  and  tests  specially  run  at  Detroit  Edison 
to  obtain  comparative  results.  In  both  cases  the  resultant  curve  of 
condenser  efficiency  was  a  straight  line  with  slightly  different  inclinations. 
Recent  observation  has  coniinned  this  direct  variation  in  vacuum  with 
air  leakage,  although  it  is  affected  by  so  many  other  conditions  that  no 
definite  law  has  as  yet  been  worked  out  which  can  be  generally  applied. 


BOILERS  AND  SUPERHEATERS 

Boiler  Settings 

Your  Committee  has  practically  nothing  to  add  on  the  sub- 
ject of  refractories  which  has  been  .ably  covered  in  previous 
reports.  Brief  comment  might  be  made,  however,  on  some  recent 
tendencies  in  connection  with  boiler  setting  design  and  baffle 
material. 

Proper  application  and  limitation  regarding  the  use  of  in- 
sulating brick  in  boiler  settings  are  becoming  better  understood, 
although  there  is  still  much  widely  divergent  practice  regarding 
this  matter.  The  advantages  of  using  this  material  are  fairly 
well  understood  and  need  no  discussion.  The  limitations,  if  evi- 
dent at  all,  occur  in  that  portion  of  the  setting  which  is  nearest 
the  furnace  or  subject  to  the  highest  furnace  temperatures  and 
the  consequently  greatest  expansion  and  contraction  strains. 
There  is  a  feeling  on  the  part  of  operators  who  have  had  experi- 
ence in  this  matter,  particularly  in  connection  with  high  boiler 
ratings,  that  the  walls  of  the  furnace  should  be  built  of  as  few 
different  kinds  of  material  as  possible  and  that  the  walls  should 
be  solid,  "well  bonded  and  homogeneous.  In  fact,  there  is  a 
recent  tendency  toward  building  the  furnace  walls  of  solid  fire 
brick.  Another  point  which  may  be  grounded  on  fact  is  that 
until  some  more  satisfactory  refractory  material  is  developed, 
it  may  be  necessary  to  depend  to  a  certain  extent  on  the  radia- 
tion of  heat  through  the  furnace  wall  to  cool  and  preserve  the 
furnace  lining.  There  are  many  places  about  the  boiler  setting 
other  than  around  the  furnace,  however,  where  insulating  brick 
can  be  used  to  advantage  and  the  practice  may  be  generally 
recommended. 
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There  has  been  some  experimental  work  in  progress  re- 
garding the  materials  used  for  baffles.  One  company  reports  a 
trial  installation  using  transite  for  the  rear  bafHe  of  a  Stirling 
boiler.  Another  company  for  the  vertical  baffling  of  Babcock 
&  Wilcox  boilers  has  standardized  on  two  layers  of  baffle  bricks 
with  asbestos  millboard  in  between.  Still  another  company  for 
a  similar  type  of  boiler  has  adopted  the  usual  flame  plate  and 
baffle  brick  type  of  construction,  but  with  one  layer  of  brick  and 
then  2^  inches  of  asbestos  cement  applied  wet.  There  are  sev- 
eral patented  types  of  baffles  on  the  market,  a  few  of  which  seem 
fairly  promising,  but  have  not  as  yet  demonstrated  their  prac- 
ticability and  durability  under  all  classes  of  service.  There  does 
seem  to  be,  however,  a  demand  for  a  baffle  which,  compared 
with  the  usual  type,  is  tighter,  more  readily  renewed  or  repaired 
and  can  be  placed  at  any  desired  angle  with  the  tubes. 

Methods  of  Preserving  Furnace  Side  and  Bridge  Walls 

The  problem  of  how  to  design  the  side  and  bridge  walls  of 
the  boiler  furnace  so  as  to  necessitate  a  satisfactory  minimum  of 
brick  work  maintenance  and  boiler  outages,  is  one  on  which  con- 
siderable progress  has  been  made,  but  the  solutions  offered  so 
far  have  been  more  in  the  nature  of  relief  measures  than  funda- 
mental solutions  of  the  problem.  The  present  day  demand  is  for 
a  furnace  lining  which  will  withstand  the  high  furnace  tempera- 
tures and  blow  torch  action,  the  constant  heating  and  cooling 
effect,  and  the  abrasive  action  of  the  fuel  bed.  A  furnace  lining 
to  which  clinker  formations  would  not  adhere  is  very  much  to  be 
desired,  but  if  this  is  impossible,  it  must  have  the  mechanical 
strength  to  withstand  the  necessary  barring  or  breaking  oflf  of 
the  clinkers.  Previous  committee  reports  have  discussed  pro- 
gress along  the  line  of  refractories  to  meet  these  requirements, 
and  it  is  believed  by  your  present  Committee  that  there  is  com- 
paratively little  to  be  added  at  this  time.  There  are,  however,  a 
considerable  number  of  various  and  diversified  means  in  use  for 
preserving  furnace  linings,  and  a  brief  enumeration  of  these, 
together  with  suggestions  as  to  conditions  under  which  they  may 
be  tried  out,  may  be  of  general  interest. 
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Ventilated  Walls:  Several  patented  applications  of  the  plan 
for  admitting  air  through  the  furnace  walls  in  such  a  manner  as 
to  keep  the  walls  below  a  harmful  temperature,  are  in  use.  One 
of  these  patented  arrangements  provides  ducts  in  the  side  or 
bridge  walls  connected  with  the  forced  draft  system  for  the 
stoker.  The  air  in  these  ducts  is  released  into  the  furnace 
through  small  interstices  in  the  usual  fire  brick  lining  of  the 
furnace.  This  cooled  air  is  applied  only  to  the  lower  portions 
of  the  side  walls  and  bridge  walls,  or  in  general,  where  the  action 
against  the  brick  work  is  most  severe.  Another  very  similar 
plan  uses  hollow  blocks  of  refractory  material  for  the  furnace 
lining.  The  hollow  tile  form  the  ducts  which  are  tied  in  with 
the  forced  draft  system,  ?ind  the  air  is  released  into  the  furnace 
through  very  small  holes  cast  in  the  hollow  blocks.  Schemes  of 
this  nature  have  been  used  with  some  success  on  imdetfeed 
stoker  installations,  and  in  many  instances  have  prolonged  the 
life  of  the  furnace  lining  very  materially.  It  is  said  by  users  of 
these  methods  that  the  amount  of  air  passed  into  the  furnace  for 
this  purpose  has  no  harmful  effect  on  the  furnace  efficiency. 

Special  Refractory  Materials:  A  refractory  manufacturer 
in  the  East  has  put  out  a  fire  brick  the  chief  constituent  of  which 
is  carborundum.  This  brick  has  been  used  to  a  limited  extent 
for  furnace  linings  and  not  without  some  success.  It  seems 
to  fulfill  to  a  very  marked  degree  the  requirements  of  a  furnace 
lining,  but  the  cost  is  necessarily  very  high  compared  with  the 
usual  run  of  fire  brick  prices,  and  its  possible  use  is,  therefore, 
very  limited. 

Steam  Jets:  The  use  of  a  steam  jet  beneath  the  grate  to 
"soften"  the  clinkers  is  a  very  old  custom  and  the  principle  is 
used  quite  extensively  in  connection  with  stoker  operations  at 
the  present  time.  As  a  side  wall  preservative,  the  method  used 
is  to  run  a  perforated  J^-inch  or  1-inch  steam  pipe  along  the 
grate  at  the  side  walls  and  use  a  constant  flow  of  live  or  exhaust 
steam.  Since  the  principle  involved  is  that  the  steam  cools 
the  flame  temperature  to  a  point  below  the  fusion  temperature 
of  the  ash  so  that  no  clinker  is  formed,  the  amount  of  sidewall 
which  can  be  protected  depends  on  the  vertical  distance  to  which 
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this  cooling  effect  can  be  carried,  which  is,  of  course,  limited 
For  the  more  moderate  conditions  of  furnace  operation,  this 
method  is  often  quite  effective.  A  necessary  precaution  in  using 
this  method  is  to  see  that  the  steam  does  not  escape  with  such 
a  velocity  as  to  cause  a  blow  torch  action  on  the  grate  or  side 
walls. 

Water  Cooled  Ledge  Plates  and  Water  Backs:  On  certain 
types  of  stokers,  as  for  example,  chain  grates,  the  water  cooled 
ledge  plate  is  used  quite  extensively  to  prevent  the  formation 
of  clinkers  on  the  sidewalls  and  the  abrasion  due  to  the  moving 
fuel  bed.  Water  cooled  cast  iron  bridge  wall  sections  are  also 
sometimes  used  with  varying  degrees  of  success.  A  sure  and 
positive  water  circulation  is  necessary  with  these  devices ;  other- 
wise, they  become  very  troublesome  features  from  an  operation 
as  well  as  maintenance  standpoint.  Air  cooled  cast  iron  bridge 
wall  sections  through  which  the  air  for  the  stoker  is  first 
passed,  have  been  used  with  moderate  success  in  a  very  few 
instances.  Cast  iron  ledge  plates  have  been  used  in  connection 
with  underfeed  stokers  and  are  reported  to  give  fair  satisfac- 
tion, if  provided  with  fins  or  ribs  in  such  a  manner  that  a  pro- 
tecting layer  of  ash  is  held  between  the  heat  of  the  furnace  and 
the  iron. 

High  Temperature  Cements:  There  are  on  the  market  a 
number  of  high  temperature  cements  sold  under  various  trade 
names.  These  cements  are  used  for  laying  up  furnace  walls, 
for  washing  completed  furnace  linings  and  arches;  also  for 
pointing  up  furnace  linings,  arches,  etc.  Many  widely  varying 
reports  may  be  obtained  regarding  their  value  as  a  preservative. 
In  general,  but  not  without  exceptions,  their  usefulness  is  con- 
fined to  the  smaller  boiler  unit  sizes  or  where  furnace  conditions 
are  not  severe. 

Boiler  Forcing  Rates 

In  recent  large  central  station  designs,  maximum  boiler 
ratings  of  from  250  per  cent  to  400  per  cent  have  been  used  in 
the  basic  calculations  and  carried  out  to  a  practical  conclusion  in 
the  plants  when  put  in  operation.  This  tendency  towards  higher 
boiler  ratings  in  modem  new  plants  has  led  many  operators  to 
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feel  that  boilers  in  general  should  be  operated  at  much  higher 
ratings  than  in  the  past,  which  in  a  large  majority  of  cases  was 
perhaps  a  justifiable  conclusion  if  not  carried  too  far.  However, 
during  the  past  few  years  there  has  been  much  disillusionment 
of  designers  and  operators  regarding  the  subject  of  high  boiler 
ratings.  A  brief  discussion  of  the  various  factors  entering  into 
this  subject  may  be  of  general  interest  at  this  time. 

A  boiler  is  often  spoken  of  as  being  overloaded,  when  in 
reality  it  is  the  stoker  under  the  boiler  which  is  being  forced 
beyond  its  proper  limit.  Generally  speaking,  the  capacity  which 
can  be  developed  by  a  boiler  and  stoker  unit  is  limited  only  by 
the  amount  of  coal  which  can  be  burned  by  the  stoker  equip- 
ment. Properly  speaking,  the  capacity  of  the  boiler  is  mainly  a 
question  of  how  high  a  flue  temperature  may  be  tolerated.  The 
extremely  high  boiler  ratings  secured  in  a  few  notable  boiler 
plants  are  obtained  by  very  low  ratios  of  heating  surface  to  grate 
surface.  For  example,  the  boiler  units  of  the  Buffalo  General 
Electric  G>mpany's  plant,  which  are  designed  to  operate  at  400 
per  cent  rating,  are  provided  with  a  ratio  of  grate  surface  to 
heating  surface  of  1  to  27.3.  One  of  the  principal  factors  in- 
volved in  high  boiler  ratings  is,  therefore,  the  coal  burning  capac- 
ity of  the  grate,  or  in  other  words,  stoker  and  furnace  design. 

A  restraining  influence  on  the  maximum  possible  ratings  is 
the  fact  that  the  boiler  and  stoker  must  be  designed  to  operate 
at  maximum  efficiency  over  as  wide  a  range  as  possible. 

The  problem  of  draft  loss  at  high  boiler  ratings  is  by  no 
means  a  small  one  and  is  frequently  underestimated  in  connec- 
tion with  increasing  the  capacity  of  boiler  plants  already  in- 
stalled. This  may  be  readily  understood  when  it  is  considered 
that  the  draft  loss  through  a  setting  increases  as  the  square  of 
the  velocity.  A  boiler  having  a  draft  loss  through  the  tubes  of 
.3  inches  at  rating,  would  have  theoretically,  and  this  is  borne 
out  very  closely  in  actual  test,  1.2  inches  at  200  per  cent  rating, 
and  2.7  inches  at  300  per  cent  rating.  For  this  reason  users  of 
underfeed  stokers  are  sometimes  disappointed  in  capacity  of 
their  boiler  installations  due  to  the  fact  that  the  stack  or  fan 
does  not  provide  sufficient  draft  to  take  the  gases  away  from 
the  furnace. 
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The  character  of  the  boiler  feed  water  may  readily  become 
a  limiting  factor  in  boiler  ratings  developed,  and,  as  a  matter 
of  fact,  this  is  not  infrequently  the  case.  This  may  occur  either 
through  the  water  containing  a  troublesome  amount  of  scale- 
forming  ingredients,  or  through  the  presence  of  ingredients 
which  cause  it  to  prime  or  foam.  As  a  general  proposition,  ex- 
tremely high  boiler  ratings  are  desirable  only  in  connection  with 
plants  equipped  with  surface  condensers,  and  even  then  the 
small  percentage  of  make  up  water  required  is  sometimes  sup- 
plied to  the  system  by  means  of  evaporators.  Plants  using  jet 
condensers  may  avail  themselves  of  water  purifying  equip- 
ment, but  even  under  the  most  satisfactory  conditions  of  water 
purification  a  small  amount  of  scale  may  be  deposited.  The 
salts  left  in  the  water  sometimes  tend  to  aggravate  any  nor- 
mal priming  tendency,  thereby  limiting  the  possible  ratings 
developed. 

A  questionnaire  sent  to  members  of  the  Prime  Movers' 
Committee,  representing  some  of  the  largest  central  stations 
in  the  country,  developed  the  fact  that  the  normal  and  maxi- 
mum forcing  rates  for  boilers  in  these  plants  averaged  140  per 
cent  and  200  per  cent  respectively.  Central  stations,  generally 
speaking,  have  to  provide  steaming  capacity  for  a  certain 
annual  peak,  which  may  be  of  very  limited  duration.  The  high- 
est bbiler  ratings  available  are  used  in  the  estimates  for  steam- 
ing capacity  during  these  periods.  During  the  balance  of  the 
year,  there  is  ample  boiler  capacity  and  the  problem  of  how 
to  handle  the  load  with  safety  and  maximum  economy  becomes 
an  operating  problem  only. 

Cleaning  External  Heating  Surfaces 

Although  there  has  been  little  or  no  improvement  during 
the  past  year  in  methods  of  cleaning  external  heating  surfaces, 
there  has  been  a  very  broad  movement  on  the  part  of  operators 
toward  the  use  of  mechanical  soot  blowers.  This  movement 
has  doubtless  been  aided  by  difficult  labor  conditions,  which  have 
made  it  almost  necessary  to  resort  to  mechanical  methods  of 
soot  removal.  Aside  from  this  point  of  view,  however,  there  is 
a  very  general  feeling  on  the  part  of  operators  that  properly 
selected  soot  blowing  equipment  makes  a  highly  profitable  in- 
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vestment,  notwithstanding  the  fact  that  this  apparatus  is  not 
regarded  as  being  wholly  satisfactory  under  severe  operating 
conditions.  The  various  manufacturers  have  been  making 
minor  improvements  from  time  to  time  in  their  equipment  and 
methods  of  installation,  which  for  very  moderate  boiler  ratings 
may  now  be  regarded  as  being  reasonably  satisfactory.  Where 
fairly  high  boiler  ratings  are  developed,  some  trouble  is  en- 
countered in  maintaining  the  soot  blower  elements  located  near- 
est the  furnace,  regardless  of  type  of  construction  used,  and 
care  is  necessary  to  locate  these  elements  so  that  they  will  not 
be  subjected  to  a  destructive  heat.  Care  is  also  necessary  to 
see  that  there  is  no  jet  action  of  the  steam  against  the  tubes. 
Some  trouble  has  developed  from  the  use  of  valves  which  were 
not  suited  to  the  steam  conditions  in  which  they  were  used.  No 
mechanical  soot  blower  has  yet  been  devised  which  will  remove 
the  clinker  forming  on  the  lower  rows  of  tubes,  and  it  is  still 
necessary  to  remove  this  by  means  of  a  hand  steam  lance  or  by 
the  use  of  scrapers. 

There  are  a  few  types  of  mechanical  soot  blowers  which 
blow  jets  of  steam  horizontally  across  the  tubes  from  the  side 
of  the  boiler  and  operate  in  much  the  same  manner  as  a  hand 
steam  lance.  These  types  are  fairly  satisfactory  for  boilers  of 
a  width  sufficiently  narrow  so  that  there  is  no  tendency  to  bank 
the  soot  at  the  far  end  or  to  leave  any  soot  unremoved. 

Priming  of  Boilers 

From  the  operators'  standpoint,  the  priming  of  boilers  is 
often  a  troublesome  and  sometimes  a  very  persistent  and  harm- 
ful malady.  To  treat  the  subject  fully  and  in  all  of  its  phases 
is  beyond  the  scope  of  this  report.  In  fact,  the  subject  is  one 
which  is  full  of  conjecture  and  unproven  theory  even  among 
those  who  have  made  it  a  special  study.  It  is  proposed  here 
merely  to  point  out  to  the  operator  some  of  the  things  he  should 
investigate  in  case  of  suspected  or  known  boiler  priming. 

It  does  not  always  happen  that  the  fireman  or  water  ten- 
ders Know  when  a  boiler  primes,  as  there  may  be  no  evidence 
of  it  in  the  glass.  In  fact,  the  boiler  room  operators  may  be 
quite  positive  that  the  boilers  do  not  prime.  The  real  test 
lies  in  the  quality  of  the  steam  leaving  the  boiler,  or  in  the  tem- 
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perature  of  the  steam  leaving  the  superheater.  A  very  good 
method  of  providing  a  check  on  a  boiler  is  to  equip  it 
with  a  recording  thermometer  on  the  steam  outlet  from  the 
superheater.  Priming  will  be  indicated  by  sharp  fluctuations 
in  the  superheat  temperature  curve.  Frequently  a  small  leak 
in  the  steam  line  between  the  superheater  and  main  steam 
header  offers  a  sufficient  tell  tale  to  show  whether  or  not  the 
boiler  is  priming  badly.  A  wet  steam  leak  is  visible,  whereas  a 
superheated  steam  leak  is  invisible. 

Internal  Inspection 

An  internal  inspection  of  the  boiler  is  probably  the  first  and 
simplest  thing  which  can  be  done.  If  there  is  oil  or  organic  mat- 
ter in  the  feed  water,  it  will  be  evident  around  the  water  line 
inside  of  the  drums.  The  dry  pipe,  if  any,  and  in  fact  the  whole 
steam  space,  should  be  examined  carefully  and  any  peculiarity 
with  regard  to  the  presence  or  absence  of  scale  or  mud  noted. 

Concentration  Test 

If  the  internal  inspection  of  the  boiler  ^hows  priming,  but 
without  any  clue  as  to  the  cause,  it  may  be  that  the  boiler  is 
not  being  blown  down  sufficiently.  The  following  method  of 
determining  the  concentration  of  the  water  in  the  boiler  is 
recommended  by  the  Babcock  &  Wilcox  Company  and  is  here 
quoted  with  its  permission: 

A  complete  analysis  of  the  water  in  the  boilers  is  more  or  less  expen- 
sive and  takes  considerable  time.  Therefore,  the  following  method  is  sub- 
stituted as  a  standard  operating  check  which  can  be  made  periodically  in 
a  very  short  space  of  time  and  which  gives  a  close  enough  apprpximation 
to  be  satisfactory. 

The  method  following  will  determine  the  amount  of  sodium  chloride 
in  the  boiler  water  and  requires  the  following  glassware  and  solutions: 
1    50  cc  burette 
1  100  cc  pipette 
1  500  cc  Erienmeyer  flask 
1  burette  stand 

1  liter   lOth-normal  silver  nitrate  solution 
1  bottle  potassium  chromate  indicator. 
The  method  of  procedure  is  as  follows. 

Obtain  a  pint  sample  of  water  from  either  the  water  column  or  the 
blow-off  of  the  boiler.  With  the  100  cc.  pipette  withdraw  100  cc.  of 
water  to  be  examined  by  suction  with   the  mouth..     The  water  level 
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should  stand  exactly  at  the  scratch  mark  on  the  stem  of  the  pipette.    De- 
liver this  sample  into  the  500  cc.  Erlenmeyer  flask. 

Then  fill  the  burette  with  the  lOth-normal  silver  nitrate  solution  and 
carefully  note  the  reading. 

Add  two  or  three  drops  of  potassium  chromate  indicator. 

Grasp  the  Erlenmeyer  flask  by  the  neck  in  the  left  hand  and  give  it 
a  whirling  motion,  at  the  same  time  run  in  the  lOth-normal  silver  nitrate 
by  operating  the  stop  cock  of  the  burette  with  the  right  hand.  The  silver 
nitrate  should  be  delivered  slowly  drop  by  drop,  and  with  the  first  indi- 
cation of  a  change  of  color  to  a  faint  blood  red  tinge,  the  addition  of 
the  nitrate  should  be  stopped.  Sufficient  silver  nitrate  should  be  added 
so  that  the  body  of  the  liquid  as  a  whole  remains  a  permanent  red  color. 

Again,  carefully  note  the  reading  on  the  burette  and  the  difference 
in  volume  in  terms  of  cc.  of  silver  nitrate  used  will  represent  the  sodium 
chloride  content  of  the  water.  To  express  this  value  in  terms  of  grains 
per  gallon,  each  cc.  of  the  silver  nitrate  is  equivalent  to  3.38  grains  per 
U.  S.  gallon  of  sodium  chloride. 

lOth-normal  silver  nitrate  is  of  a  strength  equal  to  16.966  grams  of 
silver  nitrate  per  liter  of  distilled  water. 

The  above  method  is  reliable  only  when  the  water  to  be  tested  is 
neutral  or  faintly  alkaline.  It  is,  therefore,  frequently  necessary  to 
bring  the  water  to  be  tested  to  a  neutral  point,  or  very  slightly  alkaline 
point  before  making  the  silver  nitrate  addition.  For  this  purpose,  methyl- 
orange  is  used  as  an  indicator,  and  depending  upon  whether  the  water  is 
alkaline  or  acid,  an  addition  of  either  nitric  acid  or  caustic  soda  is  made 
drop  by  drop  until  the  water  is  a  faint  straw  color.  The  subsequent 
determination  is  then  made  as  described  above. 

The  amount  of  concentration  which  is  good  practice  is  variable,  and 
it  is  impossible  to  give  any  certain  definite  concentration  and  say  that  all 
boilers  should  be  operated  with  a  concentration  just  below  such  a  point. 
The  best  method  is  to  determine  at  the  specific  plant  what  concentration 
can  be  carried  under  the  load  and  water  conditions  at  that  plant.  Then 
see  to  it  that  all  the  boilers  are  maintained  with  a  concentration  below 
such  a  point. 

In  general,  the  total  solids  in  a  water  will  bear  a  certain  constant 
ratio  to  the  sodium  chloride  content,  and  one  or  two  complete  analyses 
of  boiler  water  samples  will  determine  such  a  ratio.  The  above  check 
with  sodium  chloride  can  therefore  be  used  as  an  approximate  method 
of  checking  for  total  solids  in  the  boiler. 

Boiler  Design 

Ordinarily,  unless  there  is  some  other  very  obvious  cause 
for  priming  which  can  be  removed,  the  above  concentration  test 
oflFers  a  very  satisfactory  method  of  avoiding  priming  of  boilers. 
However,  it  may  be  found  that  the  amount  of  blowing  down 
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required  is  so  great  as  to  be  practically  prohibitive.  In  such  a 
case,  it  might  be  desirable  to  study  the  probable  action  of  the 
water  and  steam  in  the  boiler  itself,  with  a  view  to  inserting 
baffles  in  the  steam  drum,  changing  the  dry  pipe  design,  or  as 
has  been  done  in  several  instances,  making  a  change  in  the  point 
of  steam  offtake.  It  sometimes  happens  that  a  single  change 
or  addition  as  indicated  above  permits  the  boiler  to  be  operated 
without  an  undue  amount  of  blowing  down. 

General 

There  are  various  other  features  which  should  be  investi- 
gated, such  as  source  and  analysis  of  feed  water,  chemicals 
used,  purifying  method  of  introducing  the  feed  water  into  the 
boiler,  and,  in  fact,  any  clue  which  looks  as  though  it  might 
lead  to  something  bearing  on  the  subject.  There  are  some 
very  divergent  opinions  as  to  which  chemical  ingredients  aid 
in  priming  and  which  do  not,  particularly  soda  ash.  It  is 
fairly  generally  agreed,  however,  that  the  presence  of  oil  or 
organic  matter,  together  with  an  excess  of  soda  ash  or  mag- 
nesium salts,  may  bring  about  very  bad  priming  conditions. 
Surface  blow-offs  are  sometimes  used  with  success  under  cer- 
tain water  conditions,  but  as  a  rule  these  devices  are  trouble- 
some to  maintain  and  operate  and  the  conditions  requiring  them 
can  better  be  remedied  outside  of  the  boiler. 

Feed  Water  Regulators 

Recent  labor  conditions  have  turned  the  attention  of 
operators  toward  the  subject  of  feed  water  regulators,  with 
the  result  that  for  average  boiler  plant  conditions  and  for 
plants  containing  more  than  three  or  four  boiler  units,  a  wise 
selection  of  feed  water  r^ulators  may  now  be  regarded  as  stand- 
ard practice,  although  there  are  possible  exceptions  in  which 
the  use  of  regulators  may  be  inadvisable,  such  as,  for  instance, 
where  extremely  fluctuating  load  conditions  prevail.  The 
manufacturers  of  this  class  of  apparatus  have  made  some  pro- 
gress towards  a  better  understanding  of  the  requirement  for 
automatic  feed  water  regulation.  Generally  speaking,  the  most 
satisfactory  type  of  regulator  Is  one  which  does  not  aim  at  a 
constant  water  level,  but  which  takes  advantage  of  permissible 
variations  to  aid  in  caring  for  fluctuating  steam  demands  on  the 
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boiler.  Some  operators  claim  an  advantage  in  added  reliability 
for  the  positive  mechanical  connection  between  thermostat  or 
float  and  the  regulating  valve  as  compared  with  the  pilot  valve 
and  pressure  operated  diaphragm  type.  The  former  type,  how- 
ever, is  at  a  slight  disadvantage  in  that  it  does  not  allow  the 
same  latitude  in  locating  the  feed  r^ulating  valve.  Recent  im- 
provements have  been  made  in  the  design  of  floats  on  certain 
types  of  regulators  which  make  this  class  of  regulator  less  sub- 
ject to  the  criticism  of  unreliability  than  heretofore. 

With  the  advent  of  modem  boiler  plant  improvements  and 
the  higher  grade  of  labor  necessary  to  maintain  and  use  them 
properly,  operators  do  not  regard  the  necessary  care  and  main- 
tenance of  feed  water  regulators  as  being  as  much  of  a  burden 
as  heretofore. 

Superheaters 

The  matter  of  relative  attention  given  to  boilers  and  super- 
heaters is  one  which  deserves  brief  mention.  The  superheater 
is  frequently  overlooked  by  the  boiler  cleaning  and  repair  crew 
for  the  reason  that  it  seldom  really  needs  any  cleaning  or  repairs. 
It  is  safe  to  assert  that  the  superheater  should  be  as  carefully 
inspected  and  watched  as  any  other  portion  of  the  boiler.  It 
should  be  opened  up  and  thoroughly  washed  each  time  the 
boiler  is  out  of  service  for  general  overhauling.  The  hand  hole 
plates  should  be  inspected  for  leaks  and  loose  dogs.  The  exte- 
rior surfaces  should  be  freed  of  soot  or  slag  formation.  The 
internal  condition  of  the  superheater  may  be  regarded  generally 
as  being  a  very  good  indicator  of  wrong  conditions  within  the 
boiler.  If  the  superheater  shows  signs  of  mud  or  scale  or  other 
foreign  matter,  it  is  time  corrective  means  were  employed  to 
remedy  these  conditions  within  the  boiler. 

The  question  of  pressure  drop  through  superheaters  is  one 
which  frequently  causes  operators  some  little  concern,  usually 
for  the  reason  that  the  plant  designers  make  an  insufficient 
allowance  for  pressure  drop  between  the  boiler  proper  and  the 
turbine.  The  operator  finds  himself  faced  with  the  problem 
of  how  to  reduce  this  over  all  j)ressure  loss.  A  superheater  is 
necessarily  designed  to  produce  a  certain  amount  of  pressure 
loss  at  low  ratings;  otherwise  the  steam  might  short  circuit 
through   the  nearest   tubes  and   permit   the   farthest  ones  to 
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become  burned.  Superheaters  are  usually  designed  to  operate 
at  rated  boiler  capacity  with  from  J4  to  1>^  lbs.  pressure  loss, 
depending  on  the  maximum  rating  to  be  developed,  and  for  this 
reason  operators  should  be  cautious  about  removing  the  cores 
without  first  obtaining  the  approval  of  the  manufacturer.  Since 
the  pressure  loss  increases  as  the  square  of  the  velocity,  a  one 
pound  loss  at  rating  would  mean  four  pound  loss  at  200  per 
cent  rating,  and  nine  pounds  loss  at  300  per  cent  rating. 

In  connection  with  a  discussion  of  superheaters,  it  might 
be  well  to  point  out  that  the  superheater  as  such  is  a  very  effi- 
cient piece  of  apparatus,  but  as  a  boiler  or  evaporator,  it  not 
only  becomes  a  source  of  loss  through  loss  of  superheat,  but 
may  be  the  cause  of  high  maintenance  as  well.  It  may  be  inter- 
esting to  note  that  at  200  pounds  pressure  and  100  degrees 
superheat,  one  per  cent  of  moisture  in  the  steam  entering  the 
superheater  causes  a  loss  of  17  degrees  of  superheat.  This  dis- 
cussion brings  to  light  the  need  for  taking  every  possible  pre- 
caution to  insure  steam  as  nearly  dry  as  possible  entering  the 
superheater.  Since  dry  pipes  are  used  solely  for  this  purpose, 
and  in  view  of  the  widely  varying  practice  regarding  them  even 
among  boiler  manufacturers,  your  Committee  recommends  first, 
that  manufacturers  be  encouraged  to  make  further  investigation 
with  a  view  to  standardizing  regarding  dry  pipe  practice,  and 
second,  that  operators  give  the  need  for  dry  pipes  very  careful 
study  and  consideration  with  a  view  to  submitting  their  findings 
to  the  manufacturers  in  your  Committee's  report  next  year. 

The  replies  to  a  questionnaire  on  superheater  practice  were 
generally  unsatisfactory  and  indicated  a  lack  of  accurate  in- 
formation as  to  superheater  characteristics.  Apparently  the 
superheater  continues  to  be  an  adjunct  fitted  to  a  more  or  less 
inflexible  design  of  boiler,  and  it  is  felt  that  there  should  be 
a  closer  co-ordination  of  superheater  design  with  boiler  design. 

Coating  Exterior  Surfaces  of  Settings 

The  matter  of  reducing  air  infiltration  through  boiler  set- 
tings by  means  of  special  preparations  to  be  applied  to  the 
exterior  surfaces  of  the  settings  has  received  wide  attention. 
Various  preparations  are  on  the  market  and  they  are  composed 
mostly  of  coal  tar  or  asphaltum  and  asbestos.  This  material  is 
applied  usually  with  a  trowel  to  a  thickness  of  about  an  eighth 
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of  an  inch,  while  the  setting  is  warm  but  not  hot.  In  order  to 
be  most  effective,  frequent  inspections  of  the  settings  are  neces- 
sary, pointing  up  cracks  and  renewing  the  coating  where  needed. 
For  the  average  boiler  setting,  these  coatings  are  very  effective, 
particularly  if  the  setting  is  old  or  natural  or  induced  draft  is 
used  to  burn  the  fuel.  Some  operators  find  an  oil  paint  prefer- 
able, especially  where  the  settings  are  in  good  condition  and 
fairly  new.  In  plants  equipped  with  underfeed  stokers  and  thick 
solid  fire  brick  walls,  the  claim  is  made  that  no  setting  paint  at 
all  is  necessary  for  reasons  other  than  appearance  or  lighting 
effect.  In  regard  to  this  whole  subject  of  preventing  the  infil- 
tration of  air  through  boiler  settings,  it  may  be  well  to  point 
out  that  the  average  boiler  setting  contains  a  large  number  of 
doors  and  openings  of  various  kinds,  and  inattention  to  the 
tightness  of  these  or  the  way  they  are  closed  may  cause  many 
times  the  air  infiltration  through  unprotected  brick  walls. 

Uniform  Boiler  Law 

Early  in  the  year  1916,  the  American  Uniform  Boiler  Law 
Society  was  formed  for  the  purpose  of  presenting  the  Boiler 
Code,  as  formulated  by  the  American  Society  of  Mechanical 
Engineers,  to  the  governing  bodies  of  all  the  States  and  Munici- 
palities, for  its  legal  adoption.  The  Administrative  Council  of 
the  Society  is  composed  of  a  representative  from  each  of  the 
following  industries: 

American  Boiler  Manufacturers'  Association 
National  Association  of  Thresher  Manufacturers 
National   Boiler   and   Radiator   Manufacturers'   Asso- 
ciation 
Low  Pressure  Steel  Boiler  Manufacturers 
Water-tube  Boiler  Manufacturers 
Locomotive  Manufacturers 
Steam  Shovel  Manufacturers 
Hoisting  Engine  Manufacturers 
Boiler  Insurance  Companies 
National  Electric  Light  Association 
Boiler  Material  Interests. 

The  funds  for  carrying  on  the  work  of  the  Society  are  de- 
rived entirely  from  voluntary  contributions. 
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Our  organization  believes  in  the  preservation  of  life  and 
property  and  we  seek  to  protect  the  life  and  property  of  every 
man,  woman  and  child  in  the  United  States  by  having  uniform 
rules  legally  adopted,  that  will  make  boilers  more  safe.  There  is 
nothing  in  commercial  life  today  that  has  been  neglected  more 
than  the  construction  of  boilers. 

Today,  a  boiler  can  be  built  to  fit  almost  any  condition  as  to 
price.  We  are  menaced  by  poor  construction  which  is  augmented 
by  the  desire  of  the  builder  to  meet  the  ideas  of  his  customer  as 
to  prices — this  condition  should  never  be  allowed  to  exist  where 
human  life  and  the  destruction  of  property  are  involved.  On  the 
other  hand,  if  all  manufacturers  are  compelled  by  law  to  build 
to  a  fixed  standard,  it  lessens  the  responsibility  of  the  purchaser, 
for  no  matter  who  makes  the  price,  if  the  boiler  is  built  accord- 
ing to  law,  he  is  assured  of  a  good  boiler,  his  only  concern  being 
in  tabulating  the  price  on  the  boiler  so  far  as  safety  is  con- 
cerned, and  selecting  the  type  of  boiler  best  adapted  for'  his 
needs. 

The  following  States  and  Cities  have  adopted  the  Code  and 
are  accepting  boilers  built  to  the  A.  S.  M.  E.  specifications: 

States  Cities 

New  York  Wisconsin  Detroit,  Mich. 

New  Jersey  Minnesota  Erie,  Pa. 

Pennsylvania  Ohio  Kansas  City,  Mo. 

California  Indiana  St.  Joseph,  Mo. 

Michigan  Allegheny  County,      Philadelphia,  Pa. 

Pa.  St.  Louis,  Mo. 

The  General  Engineering  Depot,  Washington,  D.  C.,  speci- 
fies that  all  new  boilers  be  built  in  accordance  with  the  A.  S. 
M.  E.  Code. 

It  will  be  interesting  to  know  that  ten  Rills  for  the  legal 
adoption  of  the  Code  have  been  or  will  be  introduced  during  the 
1919  sessions  of  the  State  legislatures.  The  Society's  campaign 
has  been  one  of  education,  publicity  and  cooperation.  In  no 
State  has  the  Code  been  defeated  on  its  merits.  The  arguments 
in  its  favor  have  everywhere  prevailed  and  in  no  State  has  it 
been  successfully  attacked. 
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STOKERS  AND  GRATES 

It  is  believed  that  the  most  important  developments  in  the 
underfeed  type  of  stokers,  are  the  power  dump  grates  and  the 
clinker  grinders,  both  of  which  are  coming  into  more  general 
use.  Of  these,  it  is  believed  that  the  clinker  grinder  is  the  more 
important,  as  it  eliminates  all  dumping  with  consequent  changes 
in  furnace  conditions  and  loss  of  boiler  capacity  during  the 
dumping  period,  and  reduces  the  combustible  in  the  ash  to  a 
very  low  figure. 

The  Westinghouse  Company  has  developed  three  types  of 
power  dumps  and  a  rotary  clinker  grinder.  The  American 
Engineering  Company  has  developed  a  power  dump  and  a  rotary 
clinker  grinder;  the  Sanford  Riley  Stoker  Company  has  devel- 
oped a  rocker  dump  which  also  acts  as  a  clinker  crusher;  these 
are  described  more  fully  in  the  manufacturers'  statements. 

Clinker  Grinders,  Besides  the  grinder  developed  by  the 
American  Engineering  Company,  several  of  the  member  com- 
panies have  installed  grinders  of  more  or  less  special  design, 
with  which  some  very  excellent  results  have  been  secured.  It 
is  essential  in  these  installations  to  provide  sufficient  depth  of 
ash  above  the  grinder  to  protect  them  from  the  hot  clinkers; 
and  to  proportion  the  opening  leading  down  to  the  grinders  so 
that  clinkers  will  not  bridge  across  this  opening  and  prevent 
the  ash  from  getting  down  to  the  grinders.  The  successful  solu- 
tion of  this  problem  will  greatly  improve  the  operation  of  these 
stokers,  increase  the  efficiency  and  reduce  smoking. 

Chain  Grates.  The  forced  draft  type  of  chain  grate  is  being 
used  more  extensively  than  heretofore,  and  has  been  used  suc- 
cessfully in  burning  low  grade  fuels,  high  in  ash.  Improve- 
ments in  furnace  construction  and  draft  control  have  materially 
improved  operation. 

In  reply  to  a  questionnaire  sent  out  by  the  Committee, 
some  general  data  were  collected  in  regard  to  the  methods  used 
by  the  various  companies,  which  may  be  of  interest. 

Seven  of  the  large  companies  control  the  draft  over  the 
fire  by  hand,  each  boiler  being  controlled  individually.  One 
company  controls  the  dampers  of  four  or  five  boilers  together 
by  hand.  Two  companies  use  automatic  means  for  maintaining 
the  draft  over  the  fire  constant. 
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• 

We  found  quite  a  diversity  of  practice  in  regard  to  the 
method  of  controlling  the  air  pressure  under  the  grates.  The 
most  popular  system  is  the  well-known  method  of  having  a 
number  of  forced  draft  fans  discharging  into  a  common  duct 
system,  with  the  speed  of  the  fans  controlled  by  hand  and  the 
dampers  to  the  individual  boilers  controlled  by  hand.  One 
company  in  addition  to  varying  the  speed  of  the  fans  also  varies 
the  number  of  fans  in  operation.  When  the  type  of  fan  em- 
ployed is  such  that  the  volume  of  air  increases  as  the  pressure 
decreases,  this  method  is  worthy  of  notice. 

A  few  of  the  companies  use  individual  fans  for  each  boiler, 
the  speed  being  controlled  automatically  by  the  steam  pressure. 
One  company  has  installed  a  system  in  which  all  the  forced  draft 
fans  are  controlled  from  one  point  by  means  of  remote  control, 
while  another  company  uses  constant  speed  with  automatically 
controlled  dampers  at  the  boilers. 

In  cases  of  large  boiler  units,  the  practice  of  installing 
individual  forced  draft  fans  for  each  unit  has  been  adopted  by 
several  large  companies.  In  selecting  fans  which  are  to  dis- 
charge into  a  common  duct,  care  must  be  taken  to  see  that  their 
characteristics  are  such  that  they  will  operate  in  parallel  satis- 
factorily. 

On  underfeed  stokers,  member  companies  have  burned 
successfully  a  very  wide  variety  of  fuel.  In  certain  cases  modi- 
fication of  the  stoker  has  been  found  to  improve  the  operation. 
In  general  a  high  volatile  bituminous  or  semi-bituminous  coal 
with  a  high  melting  point  ash  and  not  too  great  a  caking  tend- 
ency is  preferred  for  this  typt  of  stoker. 

Chain  grate  stokers  with  natural  or  induced  draft  are  giving 
especially  satisfactory  results  with  low  grade  fuels  containing 
a  high  percentage  of  ash.  Coals  which  have  a  marked  tend- 
ency to  cake  are  apt  to  give  trouble  due  to  the  formation  of  a 
crust  which  keeps  the  air  from  getting  through  the  fuel  bed. 

Chain  grate  stokers  with  forced  draft  are  operating  satis- 
factorily on  various  types  o^  fine  fuel,  suph  as  coke  breeze.  No. 
4  Buckwheat,  anthracite  screenings,  culm,  etc.  Satisfactory 
operation  has  been  secured  under  these  conditions  with  the 
boiler  running  at  from  150  to  250  per  cent  rating,  depending 
upon  the  grade  of  fuel,  square  feet  of  grate  area  installed,  etc. 
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Some  of  the  member  companies  have  experienced  difficulty 
in  rapidly  increasing  the  rate  at  which  the  boiler  was  operating 
after  a  more  or  less  prolonged  banking  period.  This  trouble  is 
especially  marked  with  certain  classes  of  fuel,  particularly  those 
which  cake  or  which  have  a  large  percentage  of  sulphur  caus- 
ing the  ash  to  clinker  very  badly.  This  trouble  is  also  aggra- 
vated in  case  the  stoker  is  supplied  with  air  from  a  common  air 
duct  and  the  inlet  dampers  do  not  close  tightly. 

There  is  an  increasing  tendency  on  the  part  of  member 
companies  to  sectionalize  their  stoker  drive  on  underfeed 
stokers.  On  some  recent  installations  consisting  of  thirteen 
retort  stokers,  the  stoker  was  divided  into  four  sectfons,  each 
section  driven  by  its  own  motor.  On  one  installation  of  seven 
retort  stokers,  the  stoker  was  divided  into  two  sections.  One 
company  is  dividing  its  seven  retort  stokers  into  three  sections 
and  has  developed  two  methods  of  driving  them.  In  one  case 
they  use  three  4-speed  motors,  and  in  another  case  one  4-speed 
motor  with  three  2-speed  power  boxes.  These  methods  of 
sectional  izing  the  stoker  drive  enable  the  operating  force  to 
maintain  a  more  uniform  thickness  of  fire  across  the  stoker  by 
varying  the  rate  at  which  the  coal  is  fed  in  at  different  points. 
If  holes  develop  in  the  fire,  that  particular  section  of  the  stoker 
may  be  speeded  up  in  order  to  correct  the  defect. 

Manufacturers'  Statements 

Your  Committee  is  in  receipt  of  statements  from  the  fol- 
lowing manufacturers  covering  developments  during  the  past 
year: 

American  Engineering  Company 

We  build,  five  types  of  stokers  to  meet  various  operating  and  fuel 
conditions.  In  addition  to  the  well-known  hand-operated  type,  the  AA6 
and  AA7  represent  the  types  of  which  the  greatest  number  are  used. 
Type  AA6  is  equipped  with  our  patent  power  operated  dump  and  a  mov- 
ing extension  grate  of  superior  design.  Type  AA7  is  similar,  with  the 
exception  that  it  is  equipped  with  our  patent  rotary  ash  discharge. 

Type  BA6  is  equipped  with  a  much  larger  retort  with  triple  plungers, 
one  fieeding  plunger  and  two  distributing  plungers,  and  a  power  operated 
dump  plate  of  very  large  ash  storage  dumping  capacity.  This  type  is 
becoming  increasingly  popular,  particularly  for  low  grade  high  ash  coats; 
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it  provides  for  a  low  normal  rate  of  fuel  burning  per  unit  of  area,  wi^ 
less  clinkering  of  the  coal,  and  for  a  large  ash  storage  capacity,  so  neces- 
sary for  high  ash  coals.  The  large  amount  of  fuel  storage  in  the  retort 
makes  it  extremely  flexible  under  varying  conditions  and  also  permits 
of  an  extremely  high  fuel  burning  capacity  for  limited  lengths  of  time. 
Type  BA7  is  similar  in  design,  except  that  it  is  equipped  with  rotary  ash 
discharge  instead  of  power  operated  dump  plate. 

All  these  later  types  of  stokers  have  shown  superior  results  in  the 
handling  of  ashes,  in  the  elimination  of  large  clinkers  and  related  clinker 
troubles.  We  also  find  that  they  bum  out  .the  combustible  in  the  ash 
to  a  considerably  greater  extent,  and  show  superior  results  with  regard 
to  quick  steaming. 

The  power  operated  dump  plate  eliminates  all  the  hard  labor  of  clean- 
ing bridgewalls,  which  was  formerly  experienced  with  hand  dump  stokers. 
It  not  only  cleans  the  fire  quickly,  and  to  a  far  greater  extent  than  was 
formerly  possible,  but  also  serves  to  preserve  the  bridgewall,  in  that  the 
clinkers  are  cleaned  off  before  they  become  firmly  fused  to  the  wall. 

The  stoker  is  very  easy  to  handle,  and  any  t3rpe  of  fireman  can  be 
employed.  The  stoker  equipped  with  the  rotary  ash  discharge  must  be 
operated  by  men  with  a  higher  degree  of  intelligence  than  the  stoker 
equipped  with  power  dumps.  When  properly  operated,  however,  the 
results  more  than  justify  their  installation.  Manual  labor  is  reduced  to 
a  minimum ;  the  amount  of  carbon  shown  in  the  refuse  is  quite  low ;  long 
continuous  runs  of  a  month  or  more  show  less  than  10  per  cent  carbon 
in  the  ash,  while  the  boilers  were  operating  at  from  150  to  175  per  cent 
of  rating  as  an  average. 

There  are  now  approximately  60,000  h.p.  equipped  with  the  single  type 
of  setting,  and  approximately  80,000  h.p.  equipped  with  the  double  type 
of  setting  of  stokers  with  rotary  ash  discharge. 

One  of  the  most  interesting  stoker  installations  of  this  later  type  is 
that  of  the  Monongahela  Valley  Traction  Company.  This  power  plant  is 
equipped  with  four  1425  h.p.  Babcock  and  Wilcox  boilers,  under  each  of 
which  two  14-retort  stokers  are  installed.  These  boilers  will  operate  up 
to  400  per  cent  of  rating. 

Stokers  of  the  large  sizes  are  being  built  in  constantly  increasing 
numbers.  The  largest  stokers  we  built  last  year  were  four  16-retort,  type 
AA6  stokers  for  the  Acme  Power  and  Light  Company  of  Toledo,  Ohio, 
which  are  installed  under  1375  h.p.  Bigelow-Homsby  boilers.  The  Com- 
pany has  also  installed  four  15-retort  type  BA6  stokers  under  four  1456 
h.p.  Babcock  and  Wilcox  boilers.  The  four  15-retort  type  BA7  stokers 
at  the  Essex  power  plant  of  the  Public  Service  Electric  Compan^r  of  New- 
ark, N.  J.,  are  in  point  of  area  the  largest  stokers  we  have  ever  built, 
and,  we  believe,  the  largest  stokers  that  have  ever  been  built  in  a  single 
type  setting.  These  stokers  are  installed  under  1278  h.p.  Babcock  and 
Wilcox  boilers,  and  recently  on  a  month's  run  operated  continuously  at 
a  high  boiler  rating. 
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Combustion  Engineering  Corporation 

We  manufacture  two  different  types  of  stokers,  viz.:  the  type  **E" 
underfeed  stoker  for  bituminous  coal,  and  the  Coxe  Traveling  Grate  with 
forced  draft  for  anthracite  coal. 

On  the  type  "E"  stoker,  no  radical  changes  have  been  made  during 
the  past  year,  most  of  the  changes  consisting  of  changes  in  minor  details 
with  a  view  to  strengthening  or  simplifying  stoker  parts.  Considerable 
experimenting  has  been  done,  however,  with  the  firebars  and  different 
forms  of  mechanical  movement  for  actuating  the  firebars.  The  firebars 
experimented  with  were  our  standard  type  of  box  section  firebar  with 
overlapping  flanges  on  the  sides,  similar  to  those  used  on  the  Murphy 
stoker.  The  object  of  these  flanges  was  to  reduce  the  amount  of  fine 
dust  which  riddles  through  the  grate  surface  into  the  auxiliary  air  cham- 
ber, also  to  increase  the  area  of  air  space  between  the  firebars.  The  bene- 
fits derived  have  been  considerable,  and  we  believe  that  it  will  be  only 
a  short  time  before  we  will  adopt  this  type  of  bar  for  all  stokers. 

In  reference  to  the  different  methods  for  actuating  the  grate  bars, 
this  presents  a  rather  complicated  problem  on  account  of  the  lack  of  room 
for  a  mechanism  of  adequate  strength  and  wearing  surface.  We  have 
installed  two  or  three  experimental  devices  making  use  of  bevel  pinion 
and  gear  for  transmitting  the  reciprocating  motion  of  the  piston  rod  to 
the  rotating  motion  on  the  rocker  bar,  which  in  turn  actuates  the  grates. 
The  geared  lever  arm  to  the  end  of  which  the  piston  rod  is  connected 
by  means  of  a  variable  length  link  is  provided  with  a  number  of  holes, 
so  that  the  angular  motion  of  the  rocker  bar  may  be  varied  to  suit  differ- 
ent kinds  of  coal.  The  variable  length  link  provides  means  for  still  further 
adjustment  of  the  relation  of  the  motion  of  the  firebars  to  the  center  of 
the  stoker.  This  arrangement,  we  believe,  has  considerable  merit,  and 
will  be  a  decided  improvement  in  the  stoker,  provided  a  satisfactory  ma- 
terial can  be  found  to  secure  sufficient  strength  and  wearing  qualities 
with  the  limited  size  of  gears,  etc.,  it  is  possible  to  obtain. 

In  reference  to  the  disposal  of  clinker  and  ashes,  with  the 
type  '*E"  stoker  this  has  not  presented  a  particularly  serious  problem,  inas- 
much as  the  clinker  formation  is  along  the  side  walls  of  the  boiler,  which 
are  readily  accessible  through  the  firedoors  in  the  front  wall.  What  diffi- 
culty we  have  had  with  the  formation  of  clinker  on  the  bridge  wall  has 
been  largely  eliminated  by  utilizing  the  exhaust  steam  from  the  stoker 
cylinder,  discharging  it  in  the  perforated  rear  transverse  bar  adjacent 
to  the  bridge  wall.  This  transverse  bar  directs  the  exhaust  steam  jet  along 
the  base  of  the  bridge  wall,  and  prevents  the  formation  of  serious  clinker. 
What  clinker  will  form  does  not  adhere  strongly  to  the  bridge  wall,  and 
can  be  removed  easily. 

We  have  not  found  it  necessary  or  advisable  to  make  use  of  power 
dumps.  The  dump  grate  that  we  provide  can  be  handled  readily  by  one 
man.    Inasmuch  as  the  clinker  adhesion  to  the  side  walls  is  not  dHlicult 
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to  remove,  being  readily  accessible,  we  see  no  prospect  of  attempting  to 
use  power  actuated  dumping  mechartism.  Clinker  grinders  we  have 
tried  in  the  past,  but  without  success.  There  are  some  coals  on  which 
they  can  be  used  satisfactorily,  but  on  the  majority  of  coal  we  do  not 
think  the  benefit  derived  is  worth  the  added  cost.  In  addition,  the 
mechanism  is  a  source  of  trouble,  and  we  believe  it  is  not  a  satisfactory 
adjunct  to  our  stoker. 

With  hand  operated  dump  plates  and  under  average  ratings,  the 
combustible  in  ash  is  largely  under  control  of  the  operator,  and  if  there 
is  sufficient  boiler  capacity  to  permit  the  partial  burning  down  of  the 
fires  before  dumping,  the  combustible  in  the  ash  is  not  a  serious  loss. 

In  connection  with  the  Coxe  stoker,  a  number  of  improvements  have 
been  made,  as  in  the  type  "E"  stoker,  many  of  which,  however,  are  im- 
provements in  details.  Among  the  major  improvements,  if  they  can  be 
termed  such,  we  would  include  the  sectional  feed  plate  down  which  the 
coal  feeds  to  the  grate.  This  feed  plate  is  provided  with  a  flap  door 
on  either  end  adjacent  to  the  side  walls,  through  which  door  a  slice  bar, 
or  chisel  point  bar  may  be  inserted  for  the  purpose  of  Removing  clinker 
from  the  side  walls.  This  type  of  feed  plate  has  been  adopted  as 
standard,  and  is  now  furnished  with  all  Coxe  stokers. 

Another  improvement  is  in  the  safety  device  or  shearing  pins,  which 
formerly  were  used  between  a  hub  keyed  to  the  main  stoker  drive  shaft, 
which  hub  was  driven  by  the  worm  wheel  through  three  shearing  pins. 
These  pins  were  of  machine  steel  and  were  quite  expensive  and  trouble- 
some to  replace.  In  the  construction  we  now  use,  we  provide  a  shearing 
coupling  consisting  of  what  is  practically  a  flanged  coupling  with  keeper 
ring  on  one  flange  overlapping  the  other  flange.  The  flanges  are  drilled 
for  small  copper  or  aluminum  pins,  so  arranged  that  only  one  hole 
can  be  used  at  a  time.  By  selecting  the  proper  hole  and  using  either 
copper  or  aluminum  pins,  th^  driving  mechanism  of  the  stoker  may  be 
adequately  protected  from  breaking,  due  to  jamming  of  the  grate  bars 
or  any  other  undue  loading. 

The  Coxe  stoker,  as  now  furnished,  has  ball  bearing  thrusts,  with 
machined  worms  and  wheels,  and  very  little  power  is  required  to  drive 
it.  Stokers  of  120  to  150  sq.  ft.  will  require  less  than  one  horse  power 
motor  input  when  driven  at  the  highest  ratings  of  combustion. 

Green  Engineering  Company 

We  build  two  types  of  chain  grate  stokers,  the  "K"  type  for  free 
burning  coals  such  as  found  in  the  West,  and  the  "L"  type  for  coking 
Qoals  such  as  found  in  the  East.  The  "K"  type  has  the  plain  chain 
while  the  "L"  type  has  inclined  coking  plates  at  the  front  end. 

"K"  Type  Stokers 

Skids.  Instead  of  rolls  to  carry  the  chain  which  forms  the  grate 
surface,  longitudinal  rails  or  skids  are  used.    These  strengthen  the  con- 
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siruction  and,  by  keeping  a  flat  uniform  chain  surface,  reduce  the  sift- 
ings  through  the  grate  to  about  one-fourth  of  that  obtained  with  rolls. 

Front  Tension  Take  Up.  Green  chain  grates  are  made  with  a  front 
tension  take  up  so  that  chain  tension  can  be  adjusted  from  the  operat- 
ing floor  without  withdrawing  the  stoker  or  taking  it  out  of  service. 
In  doing  this  the  desirable  feature  of  spur  gearing  still  remains,  and 
the  tension  take  up  does  not  in  any  way  affect  the  alignment  of  gearing. 

Rear  Damper.  A  very  substantial  cast  iron  rear  damper  has  been 
installed  behind  the  rear  cross  girder  of  Green  stokersr  This  leaves  the 
rear  cross  girder  in  the  current  of  air  used  for  combustion,  and  effectively 
seals  off  air  admission  from  other  sources  and  prevents  overheating  of 
girder. 

Heavier  Frame  Construction,  We  use  a  very  strong  and  rigid  frame 
construction,  and  the  cross  members  supporting  the  skids  give  addi- 
tional strength  to  the  already  rigid  construction. 

Gate  Lifting  Device.  The  gate  lifting  device  has  been  very  much 
reflned  by  using  cut  worm  and  worm  gear  mechanism  for  adjustment. 
The  fuel  bed  thickness  can  be  easily  adjusted  and  an  indicator  shows 
the  exact  depth  of  fuel  bed  used. 

Arch,  The  Sealflex  arch  has  provided  improved  ignition  rates.  This 
arch  is  designed  to  replace  the  combination  of  ignition  and  combustion 
arches,  and  by  using  longer  arches,  higher  arches  and  arches  set  at  a 
greater  pitch,  some  unusually  gratifying  results  have  been  obtained. 

Larger  Furnaces,  The  entire  tendency  of  the  time  is  toward  larger 
furnaces.  Furnaces  having  ten  to  fifteen  cubic  feet  capacity  for  each 
square  foot  of  grate  surface  are  not  unusual.  This  in  contrast  with 
the  practice  of  five  years  ago,  when  furnaces  of  from  three  to  five  cubic 
feet  for  each  square  foot  of  grate  surface  were  common,  shows  the 
tendency  of  the  times  toward  setting  boilers  at  a  greater  height  and 
providing  more  ample  furnaces. 

Combination  Rear  Furnace  Wall  and  Bridgewall,  Increasing  the  height 
at  which  boilers  are  set  has  made  it  possible  to  convert  the  bridgewall 
into  a  rear  furnace  wall,  so  that  access  may  be  had  to  the  stoker  on 
all  four  sides.  This  makes  possible  the  installation  of  doors  through 
the  bridgewall,  so  that  access  for  inspection  of  the  stoker  may  be  had 
through  it. 

Operating  Results 

The  improved  furnaces  above  described  have  made  it  possible  to 
operate  at  from  200  to  300  per  cent  rating  with  western  coals.  Some 
very  high  capacities  and  efliciencies  have  been  obtained  with  lignites 
and  sub-bituminous  coals.  The  range  of  these  results  is  approximately 
from  72  to  77  per  cent  efficiency  at  ratings  varying  from  150  to  225  per 
cent,  carried  continuously. 

These  efficiencies  are  net  and  there  is  no  deduction  for  power  to 
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operate  the  stoker,  or  for  steam  jets  to  prevent  clinker  along  the  bridge- 
wall  or  on  the  side  walls,  or  for  steam  to  operate  power  dumps  or  any 
of  those  deductions  amounting  to  from  3  to  10  per  cent  with  those  types 
of  stokers  forming  clinker  and  requiring  dumping  periods. 

"L"  Type  Stokers 
Skids  and  Tension  Device 

The  *'L"  type  stoker  has  been  equipped  with  skids  instead  of  rails  to 
support  the  chain,  thus  reducing  the  amotmt  of  si f tings  through  the 
chain  to  approximately  one-fourth  of  the  former  amount..  The  chain 
tension  is  taken  up  from  the  side,  without  withdrawing  the  stoker  from 
the  furnace  or  interfering  with  the  operation. 

Cross  Girder 

The  rear  cross  girder  supporting  the  chain  is  made  of  semi-steel 
and  is  water  cooled  throughout. 

Front  Furnace  Wall  and  Ledge  Plates 

The  front  furnace  wall  along  the  inclined  coking  plates  is  lined 
with  water  cooled  ledge  plates  which  prevent  the  adhesion  of  clinker 
and  insure  a  uniform  fuel  feed  along  the  sides.  These  water  cooled 
ledge  plates  also  eliminate  any  burning  out  of  side  walls. 

Pushers 

The  pushers  by  which  coal  enters  the  furnace  have  been  improved 
to  make  them  more  responsive.  The  amount  of  coal  entering  the  fur- 
nace can  be  varied  for  each  foot  of  width  so  that  uneven  fuel  beds  can 
be  avoided  and  fuel  bed  controlled. 

Arch 

Sealflex  arches  have  made  a  very  marked  improvement  in  "L"  type 
furnaces.  Low  grade  coals  can  be  ignited  and  burned  very  rapidly  with 
ignition  effects  heretofore  unapproached  in  chain  grate  practice. 

Larger  Furnaces 

The  tendency  toward  larger  furnaces  has  been  very  marked  with 
*'L**  type  practice.  One  very  ample  furnace  has  20  cubic  feet  of  volume 
for  each  square  foot  of  ^ate.  Its  design  includes  a  combination  of 
bridge  wall  and  rear  wall,  making  the  rear  end  of  the  stoker  readily 
accessible  through  doors  in  the  bridgewall.  The  boiler  and  stoker  are 
virttially  separated,  griving  in  the  intervening  space  a  large  furnace  for 
the  complete  combustion  of  the  hydro-carbons  ^efore  the  heating  sur- 
face is  reached. 

Operating  Results 

"L"  type  stokers  are  operated  at  from  200  to  300  per  cent  rating 
on  coking  and  caking  coals  of  the  East  Efficiencies  of  72  to  80  per 
cent  are  being  obtained.  The  attendant  labor  is  very  low,  one  man 
operating  up  to  12,000  horse  power  continuously. 
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Ash  and  Clinker  Removal 

Stokers  of  the  "K"  or  "L"  type  are  particularly  adaptable  to  high  ash 
coals  or  to  coals  whose  ash  fuses  at  a  low  temperature  (clinkering  coals)  ; 
also  to  the  low  ash  coking  coals  of  the  East.  Green  Chain  Grate  and  "L" 
type  stokers  remove  the  ash  continuously  from  the  furnace,  so  that  there 
is  no  clinker  formation  requiring  any  dumping  periods.  Coals  contain- 
ing 30  to  35  per  cent  ash  are  being  burned  regularly  and  continuously 
on  these  stokers  with  low  attendant  labor  and  with  no  clinker  trouble. 
During  the  past  year,  although  we  had  over  one  and  one-half  million 
horse  power  in  service,  we  did  not  have  any  shut-downs  due  to  clinker 
trouble  in  any  of  the  plants  served  by  our  stokers. 

Single  units  up  to  15  feet  wide  are  built  so  that  single  stokers  can 
be  adapted  to  serve  boilers  up  to  1000  rated  horse  power.  No  steam 
jets  are  used  along  the  sides  or  bridgewall  to  prevent  clinker  adhesion, 
and  the  steam  to  drive  even  the  largest  unit  is  less  than  30  pounds  per 
hour.  All  efficiencies  and  capacities  obtained  are  therefore  net  results, 
not  subject  to  any  deductions  for  auxiliaries,  clinker  prevention  and 
clinker   removal. 

Sanford  Riley  Stoker  Company 

Since  the  last  report  of  the  Prime  Movers  Committee  of  the  N.E.L.A. 
the  Sanford  Riley  Stoker  Company  has  concentrated  much  effort  in  the 
further  development  of  its  distinctive  feature,  the  reciprocating  retort 
sides,  so  that  the  motion  of  the  furnace  parts  would  extend  the  entire 
length  of  the  furnace. 

In  the  early  developments  of  the  stoker,  each  line  of  grates  was 
movable  up  to  the  ash  plates.  The  advantages  of  these  reciprocating 
retort  sides  proved  so  pronounced  in  eliminating  side  wall  clinkers  and 
slicing  up  the  fuel  bed  that  it  was  conceded  that  if  this  desirable  motion 


Fig.  21— Sanford  Riley  Rocker  Dump 
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were  extended,  clinker  troubles  at  the  lower  end  of  the  furnace  would 
be  greatly  mitigated. 

The  problem,  therefore,  was  to  eliminate  this  trouble  as  far  as  pos- 
sible by  developing  a  device  which  could  be  attached  to  the  lower  end 
of  the  retort  units  so  as  to  move  in  unison  with  them.  A  modification 
was  made  in  the  overfeed  grates  which  enabled  the  application  of  what 
is  known  today  as  the  *'Rocker  Dump,"  illustrated  in  Fig.  21..  Its  princi- 
ple of  operation  is  practically  a  continuation  of  the  retort  side  motion 
intensified  near  the  bridgewall. 

The  Rocker  Dump  resembles  and  its  motion  may  be  likened  to  that 
of  an  inverted  rocker.  The  reciprocating  retort  sides  give  the  upper 
ends  of  the  rocker  plates  a  horizontal  motion,  while  the  lower  ends 
move  in  a  perpendicular  plane  parallel  to  the  face  of  the  bridgewall. 
The  enlarged  detail  drawings   shown  in  Figrs.  22  and  23  illustrate  the 


Fig.  22— Sanford  Riley  Company  Rocker  Dump  Partly  Open 


path  of  these  plates  when  the  dump  is  closed,  half  open,  and  open. 

It  should  be  noted  particularly  from  Fig.  23  how  the  forward  and 
downward  stroke  of  the  rocker  plates,  over  the  rollers  on  the  ends  of 
the  racks,  automatically  agitates,  crushes  and  discharges  the  ash.  On 
the  return  stroke  the  plates  rise  so  as  to  break  up  the  formation  of 
clinkers. 

The  peculiar  shape  of  the  rocker  plates  has  a  distinctive  advantage, 
as  the  constant  agitation  of  the  plates  in  different  directions  keeps  the 
refuse  open  and  porous,  permitting  the  air  to  mingle  intimately  with 
and  thoroughly  bum  out  any  combustible  in  the  refuse  before  reaching 
the  discharge  opening.  Owing  to  its  simplicity  it  is  not  liable  to  the 
misuse  and  abuse  that  sometimes  befalls  the  ash  disposal  mechanism 
when  placed  in  careless  hands. 

The  motion  given  to  the  rocker  plates  is  positive  and  continuous  so 
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Fig.  23 — Sanpord  Riley  Company  Rocker  Dump  Partly  Closed 

that  soft  clinkers  or  slag  adhesions  cannot  affect  its  operation.  The 
motion  of  the  rocker  plates  may  be  varied  at  will  and  is  regulated  to 
suit  the  percentage  and  clinkering  qualities  of  the  ash.  The  rocker 
plates  give  maximum  agitation  at  the  vital  point — when  the  dump  is 
nearly  closed,  as  shown  in  Fig.  23,  and  when  nearly  open,  as  in  Fig.  22, 
it  gives  maximum  crushing  effect  so  as  to  aid  the  operator  when  in  emer- 
gency he  wishes  to  make  a  quick  disposal  of  ash  and  refuse.  However, 
this  is  seldom,  if  ever,  required. 

During  the  last  year  a  large  number  of  stokers  equipped  with  the 
new  Rocker  Dump  have  been  put  into  operation.  In  large  plants  a  ma- 
terial saving  in  fuel  and  labor  was  made  possible,  since  the  boilers  could 
be  operated  continuously  at  high  capacity  without  periodic  losses  due 
to  cleaning. 

Perhaps  one  of  the  greatest  needs  for  the  Rocker  Dump  has  been  in 
sections  burning  coals  of  low  heat  content  and  high  in  ash.  The  con- 
tinuous discharge  of  ash  at  the  rate  formed  did  not  allow  the  refuse 
to  accumulate  and  cut  down  the  fuel  burning  capacity  of  the  stoker. 

The  two-speed  gear  box  shown  in  Fig.  24  gives  an  adjustable  fuel 
supply.  With  larger  units  the  fire  can  be  levelled,  thinned  or  thickened 
as  required. 

When  a  number  of  stokers  or  gear  boxes  are  driven  by  a  single 
prime  mover,  any  stoker  or  the  retorts  on  any  gear  box  can  be  operated 
practically  independently  of  all  other  stokers  or  gear  boxes.  This  effects 
a  saving  in  fuel,  since  there  is  no  necessity  for  carrying  over  coke  when 
trying  to  divide  the  load  equally  among  a  number  of  boilers  or  when 
building  up  thin  sections  in  a  wide  furnace. 

With  the  stokers  driven  by  an  ordinary  engine  or  motor,  doable  the 
range  of  speed  is  obtained. 
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Fig.  24 — Sanford  Riley  Two  Speed  Gear  Box 

The  installation  of  the  two-speed  gear  box  gives  a  very  flexible  fuel 
control  and  makes  the  slip  ring  induction  motor  more  suitable  for  stoker 
drive.  A  2  to  1  reduction  in  speed  is  all  that  can  be  obtained  electrically, 
but  with  this  new  device  an  overall  range  of  4  to  1  is  obtained.  A  single 
throw  of  the  shifter  lever  from  left  to  right  cuts  the  coal  supply  in  half. 
This  is  done  without  a  change  in  the  speed  of  the  motor.  Stokers 
equipped  with  the  two-speed  gear  box  have  but  one  chain  connection 
per  stoker.  With  large  units  this  saves  a  great  deal  of  mechanism  un- 
derneath the  stoker. 

At  the  Camden  plant  of  the  Public  Service  Electric  Company  of 
New  Jersey  it  was  found  that  by  using  the  two-speed  gear  box  the 
stokers  could  be  set  much  lower.  In  fact,  the  bottom  of  the  box  can, 
if  necessary,  be  set  directly  on  the  floor.  This  is  an  economical  advan- 
tage with  low  set  boilers,  since  it  enables  the  stoker  to  be  set  low,  and 
gives  maximum  combustion  space  for  the  gases. 

The  use  of  this  additional  regulating  feature  does  not  interfere  in 


Digitized  by 


Google 


86 


5 

s 

8 

i 


o 
H 

g 

I 

(5 


Digitized  by 


Google 


87 

any  way  with  the  continued  use  of  any  automatic  regulating  device;  in 
fact,  it  allows  a  more  intelligent  use  of  any  automatic  regulator  on  the 
stoker  drivej 

Westinghouse  Electric  and  Manufacturing  Company 

During  the  past  year  the  stoker  has  been  burning  successfully  a 
wide  variety  of  fuel,  from  the  eastern  bituminous  and  semi-bituminous 
coals  to  the  middle  western  coals  and  lignites.  These  plants  are  draw- 
ing their  coaj  from  the  Pennsylvania,  West  Virginia,  Western  Kentucky, 
Illinois,  Alabama,  Iowa  and   South  Colorado  fields. 

Power  Dump 

Three  types  of  power  dumps  have  been  developed — steam,  hydraulic 
and  electric.  Tests  on  these  dumps  have  shown  that  they  can  be  oper- 
ated in  from  45  seconds  to  1%  minutes,  depending  upon  the  type  installed 
and  the  character  of  fuel,  with  little  or  no  drop  in  capacity  and  a  mini- 
mum disturbance  of  furnace  condition.  The  combustible  in  the  ash 
varies  between  10  and  15  per  cent. 

Clinker  Grinders 

For  high  ratings  over  long  periods,  a  continuous  method  of  ash  dis- 
posal becomes  imperative.  Both  single  and  double  roll  types  have  been 
developed.  The  single  type,  shown  in  Fig.  25,  has  been  applied  to  stokers, 
5  retorts  wide,  and  13  retorts  wide.  The  double  type  shown  in  Fig.  26 
has  been  applied  in  certain  large  installations.  Both  types  have  proved 
quite  satisfactory. 

Front  Wall  Air  Boxes.  Corrugated  fronts  were  tried  but  discarded. 
The  origfinal  design,  which  seems  best,  has  been  increased  in  weight, 
giving  longer  life.  In  one  case  a  detachable  nose,  easily  replaceable, 
has  been  installed.  In  addition  to  the  front  wall  air  boxes,  some  settings 
have  been  designed  with  chambers  in  them  having  outlets  just  over  the 
fire  in  both  the  side  and  front  walls,  from  which  increased  life  is  ex- 
pected. 

Top  Tuyeres,  The  top  tuyeres  have  been  increased  in  height  and 
weight.  This  has  overcome  trouble  due  to  smoking  coal  hoppers,  and 
by  changing  the  shape  of  the  coal  bed  at  the  front  wall  the  reverberatory 
effect  of  the  flame  has  been  done  away  with,  thus  decreasing  the  erosion 
of  the   front  wall. 

Air  Distribution.  The  general  method  of  air  distribution  remains 
the  same.  To  give  more  positive  control,  sliding  gates  are  used  instead 
of  the  butterfly  gates. 

Burning  Mixed  Coals.  A  test  was  made  on  burning  different  mix- 
tures of  bituminous  and  No.  3  buckwheat,  varying  from  100  per  cent  to 
50  per  cent  of  soft  coal;  the  stoker  handled  these  different  mixtures 
very  successfully,  showing  efficiencies  varying  from  72.5  to  64  per  cent 
at  ratings  varying  from  163  to  238  per  cent  of  rating. 


Digitized  by 


Google 


Digitized  by 


Google 


89 

Coke  Breeze.  Tests  are  being  made  on  an  actual  installation  to 
determine  what  modification  may  be  necessary  to  adapt  the  stoker  to 
burning  coke  breeze,  and  the  results  of  this  work  should  be  available 
within  a  short  time. 


ECONOMIZERS 

The  last  extensive  discussion  of  economizers  in  a  Prime 
Movers  Committee  Report  was  contained  in  the  1915  report  in 
which  detailed  data  were  given  concerning  the  practice  of  the 
Commonwealth  Edison  Company  of  Chicago.  Since  that  time 
some  progress  in  economizer  practice  has  been  made  in  the  United 
States  and  abroad;  types  have  been  developed  for  pressures  of 
300  potmds  or  higher,  using  extra  heavy  cast  iron  or  "semi-steel" 
tubes,  and  improved  designs  for  headers,  joints  and  other  de- 
tails. A  few  high  pressure  steel  economizers  are  in  use  in  this 
coimtry,  and  a  large  ntunber  abroad.  With  the  higher  costs  of 
fud,  economizers  will  doubtless  come  into  much  wider  use. 

Economizers  can  be  conveniently  classified,  from  three  dif- 
ferent points  of  view,  into  low  or  moderate  pressure  and  high 
pressure,  external  and  internal  (in  the  boiler  setting),  and  cast 
iron  and  steel.  An  early  common  type  was  the  low  pressure  cast 
iron  tube  economizer  set  in  its  own  housing.  The  ordinary 
arrangement  was  for  one  economizer  to  serve  a  group  of  boilers, 
and  while  this  arrangement  is  now  retained  for  groups  of  rela- 
tively small  boiler  units,  more  recent  practice,  especially  with 
the  larger  boilers,  is  to  use  an  economizer  with  each  boiler.  For 
low  pressure  economizers  cast  iron  is  the  accepted  material,  as 
this  is  not  as  subject  to  corrosion  as  steel  and  is  amply  strong 
for  the  service.  In  the  high  pressure  t)rpe  of  economizer  there  is 
a  choice  between  cast  iron  and  steel,  the  former  being  safer 
from  corrosion  and  the  latter  from  rupture.  A  number  of  plants 
have  been  designed  with  a  combination  of  low  pressure  and  high 
pressure  economizers,  the  former  being  of  cast  iron  and  ex- 
ternal, and  the  latter  in  general  being  of  wrought  steel  and  being 
placed  inside  the  main  boiler  setting. 

With  a  straight  high  pressure  economizer  the  boiler  feed 
punq>  takes  the  water  from  the  heater  and  forces  it  through 
the  economizer  into  the  boiler.  An  alternative  arrangement,  using 
a  moderate  pressure  economizer,  is  for  one  pump  or  one  group 
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of  stages  of  a  multi-stage  pump  to  handle  the  water  from  the 
feed  water  heater  through  the  economizer,  with  a  second  pump  or 
the  second  group  of  stages  of  a  pvunp  to  force  it  into  the  boi'er. 
Similarly  for  a  combined  installation  of  low  and  high  pressure 
economizers  there  can  be  various  arrangements  of  feed  pumps, 
such  as  (a)  one  pump  handling  the  water  from  feed  water 
heater  into  a  low  pressure  economizer  and  a  second  pump  forcing 
it  through  the  high  pressure  economizer  into  the  boiler;  (b) 
a  pvunp  divided  into  two  groups  of  stages  as  outlined  or  an 
alternative  arrangement  for  the  moderate  pressure  economizer 
only ;  (c)  two  pumps  on  one  shaft. 

For  internal  cleaning  the  use  of  rotary  machines  is  com- 
mon. For  external  cleaning  of  tubes  some  operators  use  scrap- 
ers, and  some  soot  blowers.  In  general,  scrapers  are  fairly  suc- 
cessful, although  a  number  of  minor  operating  troubles  are 
experienced.  Soot  blowers  have  the  advantage  that  they  do 
not  require  the  openings  into  the  economizer  setting,  permitting 
undesirable  infiltration  of  air.  Soot  blowers  are  sometimes 
criticized  for  the  introduction  of  moisture,  which  under  some 
circumstances  would  tend  to  increase  tube  corrosion;  on  the 
other  hand,  some  operating  companies  have  been  using  soot 
blowers  for  a  number  of  years ,  without  experiencing  any 
troublesome  corrosion. 

So  far  as  the  data  shows,  cast  iron  tubes  are  not  subject 
to  serious  internal  corrosion.  The  pitting  usually  experienced 
with  cast  iron  tubes  is  on  the  outside  and  is  due  to  moisture  con- 
densed from  the  flue  gases,  especially  when  the  coal  carries  a 
large  amount  of  sulphur,  and  sulphurous  acid  is  formed.  This 
condition  often  necessitates  heating  the  feed  water  in  the 
heater  to  a  temperature  above  the  most  economical  point  for 
economizer  absorption.  The  practice  with  regard  to  tempera- 
ture of  feed  water  going  into  the  economizer  varies  from  100  to 
200  deg.  fahr.,  depending  upon  local  conditions  such  as  char- 
acter of  fuel  and  amount  of  exhaust  steam. 

Wrought  steed  economizers  are  sometimes  used  for  the 
higher  pressures,  but  considerable  trouble  from  internal  corro- 
sion has  been  reported  from  experience  in  England  and  on  the 
Continent,  and  from  recent  experience  in  this  country.  Ac- 
cording to  latest  information,  this  is  largely  due  to  entrained 
air  or  oxygen  in  the  water;  although  most  of  this  has  been 
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removed  from  the  condensate  as  it  comes  from  the  condenser, 
by  means  of  the  air  pump,  opportunity  is  offered  in  the  heater 
and  elsewhere  for  the  entrainment  of  oxygen.  Several  methods 
to  eliminate  this  oxygen  have  been  tried,  among  which  are  the 
following:  (a)  Heating  the  water,  before  it  enters  the  steel 
economizer,  to  a  temperature  often  higher  than  desirable  from 
the  point  of  view  of  economy,  (b)  Removal  of  the  oxygen 
by  passing  the  water,  after  it  comes  from  the  heater  and  at  some 
stage  in  its  journey  to  the  boiler,  through  a  tank  kept  under  a 
partial  vacuum;  this  introduces  a  somewhat  troublesome  com- 
plication, (c)  The  use  of  iron  filings  or  some  similar  material 
for  taking  the  oxygen  from  the  water  by  means  of  oxidation; 
according  to  the  technical  press,  this  has  been  tried  to  a  con- 
siderable extent  in  Europe  with  some  success.  It  is  too  soon 
to  make  any  definite  statement  with  regard  to  the  success  or 
failure  of  these  various  methods. 

A  brief  questionnaire  was  sent  out  to  a  number  of  insurance 
companies,  especially  with  a  view  of  obtaining  advice  as  to 
probable  future  pressure  limitations  in  cast  iron  economizers. 
The  insurance  companies  replied  through  the  manager  of  the 
Steam  Boiler  and  Fly-wheel  Service  Bureau,  after  a  meeting  of 
a  committee  of  their  engineers.  The  brief  reply  is  quoted  below, 
the  first  section  having  to  do  with  pressure  limitations,  the 
second  covering  any  modification  of  economizer  material  (^.^., 
"semi-steel"),  and  the  third  in  reply  to  a  request  for  general 
comments  on  insurance  requirements  regarding  cast  iron  tubes 
or  fittings  for  steam  plants  when  carrying  high  water  pressures. 

(a)  Wc  consider  it   impractical  to  specify  any  pressure  limitation. 

A  temperature  limit  rather  than  a  pressure  limit  should  be  ap- 
plied in  determining  the  safe  operation  of  cast  iron  econo- 
mizers as  now  generally  manufactured. 

(b)  As  regards  modified  forms  of  cast  iron  economizer  tubes,  as 

for  example  so-called  semi-steel  tubes,  we  would  say  that 
this  material,  so  far  as  our  experience  goes,  is  nothing  more 
than  a  high  grade  of  cast  iron,  and  we  do  not  believe  that 
any  considerable  distinction  should  be  made  between  it  and 
cast  iron. 

(c)  While  this  question  is  not  entirely  clear,  yet  we  recognize  the 

American  standard   for  fittings. 

It  may  be  inferred  from  this  ruling  that  the  insurance  com- 
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panies  do  not  desire  to  take  any  arbitrary  stand  with  regard  to 
pressure  limitations  in  cast  iron  economizers,  feeling  that  ra- 
tional engineering  design  giving  ample  factors  of  safety  and  the 
results  of  experience  should  be  the  guides.  It  is  believed  that 
the  engineers  for  the  operating  companies  will  be  juSt  as  con- 
servative with  respect  to  pressure  limitation  as  the  insurance 
companies. 

It  is  impossible  to  make  any  general  statement  concerning 
the  advisability  of  installing  economizers  in  connection  with  a 
boiler  plant ;  each  case  has  to  be  considered  by  itself,  taking  into 
account  all  factors,  such  as  cost  of  fuel,  cost  of  economizers, 
and  especially  the  load  factor  under  which  the  boiler  plant  is  to 
operate.  The  theoretical  saving  may  range  up  to  ten  per  cent 
or  even  higher,  but  the  net  saving  on  the  other  hand,  after  mak- 
ing due  allowance  for  fixed  and  operating  charges  on  the  econo- 
mizer installation,  may  be  found  n^;ative  instead  of  positive. 

As  commonly  computed,  the  saving  to  be  eflfected  by  the 
economizer  is  based  on  boiler  plant  figures  only,  and  in  order 
accurately  to  compare  the  operation  of  an  economizer  boiler 
plant  with  one  not  so  equipped,  the  computed  economy  should 
include  consideration  of  prime  movers  and  auxiliary  equipment 
as  well. 

In  the  operation  of  economizers  it  has  been  accepted  almost 
without  argument  that  to  obtain  maximum  benefit  the  water 
should  enter  the  economizer  at  the  lowest  possible  temperature, 
the  minimum  limit  being  set  by  external  corrosion  difficulties. 
To  obtain  this  low  temperature,  electric  drive  is  in  general 
adopted  for  most  of  the  station  auxiliaries,  and  this  introduces 
factors  which  to  some  extent  oflFset  the  advantage  gained  from 
feeding  the  lower  temperature  water  to  the  economizer.  With 
steam  driven  auxiliaries,  assuming  that  the  exhaust  is  all  used 
in  the  feed  water  heater,  one  kilowatt-hour  of  energy  supplied 
to  the  auxiliaries  costs  5,000  to  6,000  B.t.u.  With  auxiliaries 
driven  electrically,  the  cost  is  commonly  25,000  to  30,000  B.tu., 
and  hence  for  each  kilowatt-hour  of  auxiliary  steam  energy  dis- 
placed by  electric  drive,  in  order  to  keep  the  feed  water  tem- 
perature at  the  entrance  to  the  economizer  down  to  the  mini- 
mum, about  20,000  B.t.u.  are  sacrificed.  In  order,  therefore,  to 
realize  a  net  saving  on  the  station  operation,  the  increased  effi- 
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ciaicy  of  the  boiler  economizer  plant,  due  to  the  reduction  in 
feed  water  temperature,  must  be  more  than  sufficient  to  oflfset 
this  sacrifice. 

A  computation  for  certain  assumed  conditions  showed  an 
improvement  of  economy  of  about  0.5  per  cent  by  using  125 
deg.  ingoing  water  as  against  200  deg.  including  consideration 
of  auxiliary  drive ;  the  saving  for  the  same  assumptions  based  on 
boiler  plant  operation  only  was  three  times  as  great. 

The  answers  to  a  questionnaire  sent  to  member  com- 
panies operating  economizers  are  summarized  in  Table  II. 

As  regards  difficulties  encountered  in  operating  economiz- 
ers, it  is  true  that  a  considerable  number  of  service  troubles 
(other  than  corrosion)  and  a  few  explosions  have  been  experi- 
enced with  cast  iron  economizers;  on  the  other  hand  a  number 
of  plants  using  high  pressure  types  report  no  serious  difficulties. 
Some  operators  question  the  soundness  of  present  cast  iron 
economizer  design  for  pressures  over  200  pounds,  preferring  to 
limit  the  service  to  moderate  pressures,  but  others  believe  that 
the  designs  can  be  made  reasonably  successful  up  to  300  pounds, 
and  perhaps  higher. 

This  Committee  is  not  prepared  to  make  any  definite  recom- 
mendations concerning  the  type  and  arrangement  of  economizers 
to  be  used  for  the  higher  pressures.  A  single  high  pressure 
economizer  connected  in  series  with  the  boiler  is  a  simple  and  a 
desirable  scheme,  if  a  safe  material  can  be  found  and  if  corrosion 
troubles  with  this  material  can  be  prevented.  If  th^e  condi- 
tions cannot  be  fulfilled,  it  may  be  found  necessary  to  divide 
economizers  into  two  distinct  stages,  with  the  attendant  expense 
and  complication.  For  large  central  stations  and  for  pressures 
up  to  250  or  300  pounds,  practice  seems  to  be  tending  toward 
the  use  of  single  high  pressure  cast  iron  tube  economizers  work- 
ing in  series  with  the  boilers,  one  economizer  being  connected  to 
each  boiler.  Probably  for  higher  pressures,  and  perhaps  for 
pressures  more  common  today,  arrangements  will  be  worked  out 
using  wrought  steel  economizers — always  providing  that  the  cor- 
rosion troubles  can  be  taken  care  of  in  a  reasonably  satisfactory 
manner. 

The  Committee  is  in  receipt  of  statements  from  the  follow- 
ing manufacturers  covering  developments  during  the  past  year: 
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TABLE  II 
Summarized  Statement  of  Economizer  Practice 

Company 

Item  A  B  C  D 
Type    of    econo- 
mizer      External,   840  lb.    External,    high        External,    high        External.  340  lb. 

pressure,  semi-        pressure,   cast  pressure.  pressure,   cast 

steel    tubes  iron  wrought  steel  iron 

tubes 

Boilers  12.320   sq   ft,   300     13.730   sq   ft.    220     15.000    sq   ft,    260     11.400   sq   ft.    276 

lb    pressure  lb  lb.  lb. 


Ratio  economlser 
surface  to  boil- 
er  surface 0.63  0.66. 

Temperatures    ...    Water  170  to  285,  Water  140  to  236. 

gases  500  at  erases  600  to  300. 

200%  rating  150%  rating 


0.62 


0.83 

Water  208  to  808. 

gases  600   to   887 


Net  saving  by 
use  of  econo- 
»"*2««'    6%  8% 

Method  of  clean- 
ing        Scrapers  Soot    blowers 

Cost    of   cleaning    6c  per  sq  f  t  per  yr 

Ccst  of  mainten- 
ance        Ic  per  sq   ft  per 

yr 


Type  of  fan  drive 


Pumping 
rangement 


Corrosion    ...... 


Variable  speed 
d-c  motor 


Two  sets  pumps, 
one  between 
heater   and 
economizer,   one 
between  econo- 
mizer and 
boiler 
New    installation 


Constant   speed 
motor,    silent 
chain  drive, 
natural    draft 
used   up   to   176% 
boiler  rating 

Boiler  feed 
pumps    through 
economizer   to 
boiler 


Xo    trouble 


Soot    blowers 


Scrapers 


Motor  driven  fan    Slip  ring  induc- 
for  each  unit  tion  motors  with 

15%   range   in 

speed 


Boiler  feed  Boiler   feed 

pumps    through  pumps    through 

economizer    to  economizer   to 

boiler  boiler 


No   trouble 


Gas  by- pass  Yes;  no  occasion     Prefer   by-pass 

as  yet  to  use 


Choice    of    types 
of   economizer      Individual 

economizers  pre- 
ferred 


No,   price  of  by-    Yes,  provided  in- 
pass  and  room  it    vestment    cost 


takes  amount 
to  more  than 
benefit  gained 


is  not  too  high 


Depends    largely     Individual  Individual 

on   size  of  boiler    economizers   pre-    economizers   pre- 

and  plant  lay-        ferred    except    in    ferred 


out;  where  prac- 
ticable believe  in 
unit   system 


small  plants 
with    small    boil- 
ers ;    where    two 
or  more  large 
economizers  may 
be    installed  with 
breeching  so   ar- 
ranged   that 
either  can  be  cut 
out    for   cleaning 
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External,    high 
pressure,   cast 
Iron 


8.750   sq 
lb 


ft.    220 


External,    SOO    lb    External,    high 
pressure,   cast  pressure,    cast 

iron  tubes  iron 


Bxtemal.  high 
pressure,  origi- 
nally cast  iron 
tubes  later  re- 
placed with 
semi-steel 

6.860    sq.    ft.    280     13,750   sq   ft.    244     12.260   sq   ft,    215 

lb  lb  lb 


External,    high 
pressure  cast 
iron 


12,620   sq   ft.    240 
lb 


0.41 


0.45 

Water  116  to  256. 
gases  550  to  820 
160%  rating. 
Water  107  to  270, 
gases  615  to  355 
220%  rating 


0.56 


0.69  0.65  ' 

Water  140  to  260,  Water  100  to  240. 

gases  600  to  325,  gases  620  to  330, 

200%  rating  255%  rating 


Estimate  8  to  10%    

Scrapers  Scrapers  Scrapers;    rea- 

sonably   success- 
ful 

3c  per  sq   ft  per    Annual   mainten- 

yr  ance  guaranteed 

1% 
No  fans,   natural    Motor    driven  Variable   speed 

draft  fan.   silent  chain    a-c   motor,    with 

drive  water   rheostat 

secondary  con- 
trol 


l.«%         •  

Scrapers;    only  Scrapers;  could 

fairly  successful  be  Improved 

Average    16Ho  

per  sq  ft,  period 
of  5  yrs 

Motor  driven  in-  Motor  driven  in- 
duced  draft   fan  duced  draft  fan 


Boiler  feed 
pumps  straight 
through  econo- 
mizer to  boiler 


Boiler   feed 
pumps    through 
economizer  to 
boiler 


Boiler  feed 
pumps    through 
economizer  to 
boiler 


Boiler  feed 
pumps 


Through    econo- 
mizers to  boilers 


No  trouble 


Not  with    Indi- 
vidual   econo- 
mizers   for    boil- 
ers 


No   trouble 


No 


Yes 


Considerable 
trouble   with 
tubes  pitting  due 
to  sulphurous 
deposit,  especi- 
ally on  cold  end 
of  economizer 
Tes 


No  pitting  yet 


Yes 


Individual 


Thoroughly  be-        Individual 


Individual 


Individual 


economizers   pre-    Heve  in  unit  sys-    economizers    for     economizers   pre-    economizers   pre- 


ferred 


tem 


large    boilers;  f erred 

small  boilers  one 
economizer  for  a 
battery 


ferred 
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Babcock  and  WUcox  Company 

This  company  is  interested  in  the  development  of  a  wrought  steel 
economizer,  built  either  integral  with  the  boiler  or  separate;  the  latter 
might  be  enclosed  in  the  boiler  setting  or  in  a  neighboring  separate  hous- 
ing. The  manufacturer  is  actively  at  work  on  the  problems  arising  with 
this  type  of  economizer,  and  it  is  stated  that  the  work  is  bringing  promis- 
ing results  as  to  the  elimination  of  corrosion  in  wrought  iron  or  steel 
economizers.  The  work  being  incomplete,  no  statement  can  be  given 
out. 

Green  Fuel  Economizer  Company 

Recent  Developments 

Fuel  economizers  have  within  the  past  few  years  been  re-designed 
throughout  to  suit  them  for  high  pressures.  Even  greater  factors  ol 
safety  than  existed  in  the  low  pressure  type  have  been  introduced  and 
maintained. 

Individual  Economizers 

The  unit  arrangement  of  economizers,  which  has  been  introduced 
on  account  of  the  large  size  of  modem  boilers,  is  applicable  to  boiler 
units  over  5000  sq.  ft.  when  they  are  operated  at  high  ratings ;  for  lesser 
outputs  there  is  no  advantage  in  individual  economizers.  The  unit  ar- 
rangement makes  a  simpler  layout,  eliminating  considerable  flue  work, 
air  leakage  and  radiation  losses,  and  the  economizers  themselves  can  be 
made  shorter  and  more  efficient.  It  is  also  an  advantage  to  be  able  to 
inspect  and  clean  the  economizer  at  the  time  its  boiler  is  down  for 
cleaning. 

Moderate  and  High  Pressure  Types 

Hundreds  of  economizer  installations  are  working  in  this  country 
and  abroad,  giving  excellent  service  under  pressures  of  from  200  to  250 
lb.  Development  of  economizers  for  boiler  pressures  from  300  to  350 
lb.  has  also  been  satisfactorily  carried  out,  using  cast  iron  tubes;  it  is 
believed  that  wrought  iron  and  steel  tubes  as  at  present  manufactured 
are  not  suitable  for  economizer  practice;  with  such  tubes  it  is  necessary 
to  carry  the  incoming  water  above  200  deg.  fahr. 

Pressure  Limitations 

It  is  believed  that  it  is  conservative  to  use  cast  iron  economizers 
up  to  350  lb.  pressure,  and  that  the  increased  pressure  on  the  economizer 
does  not  make  the  machine  any  more  dangerous.  Designs  are  now  being 
worked  upon  by  which  the  holding  power  of  the  tubes  in  the  header  will 
he  largely  increased,  and  the  action  of  these  joints  made  positive.  Re- 
cent tests  on  economizer  tubes  have  shown  pressures  up  to  4000  lb.  per 
sq.  in.  No  explosion  of  a  cast  iron  economizer  has  taken  place,  due  to 
the  material  from  which  it  was  made. 
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specifications  for  Material 

Iron  used  in  the  construction  of  economizers  should  be  hard,  dose 
grained,  and  of  high  tensile  strength.  A  small  percentage  of  steel  should 
be  added  and  great  care  taken  that  this  is  evenly  distributed;  not  over 
10  jer  cent  of  steel  should  be  used  under  any  circumstances,  as  this 
would  result  in  more  rapid  deterioration  of  tubes  and  headers. 
Pitting 

Cast  iron  will  not  pit  seriously  unless  the  economizer  is  fed  with 
water  below   90  deg.    fahr.;   the  temperature  would  preferably   be  at 
'  least  100  deg.     Cast  iron  economizers  have  been  known  to  serve  for 
over  fifty  years  without  serious  deterioration. 

Heat  Transfer  Rate 

Heat  transfer  varies  from  2.5  to  as  high  as  7  B.t.u.  per  sq.  ft.  per  hr. 
per  deg.  fahr.  difference  of  temperature.  The  general  introduction  of 
induced  draft  has  permitted  engineers  to  use  much  higher  velocities 
through  economizers  than  was  formerly  possible,  with  the  result  of  dou- 
bling the  unit  heat  transfer. 

Fuel  Saving 

For  an  asstmied  case,  with  boilers  operating  at  200  per  cent  rating,  en- 
tering water  at  125  deg.  fahr.,  outgoing  water  at  227,  and  entering  gas 
575  deg.,  the  equivalent  fuel  saving  by  the  use  of  an  economizer  would 
be  9.6  per  cent;  deducting  2%  per  cent  of  the  steam  generated  for 
operating  the  induced  draft  fan  and  the  scrapers,  the  net  improvement  by 
the  use  of  the  economizer  would  be  7.9  per  cent  The  2Mt  per  cent  allow- 
ance for  the  fan  and  scrapers  could  be  reduced  if  an  engine  or  turbine  drive 
for  the  fan  exhausted  into  the  feed  water  heater.   # 

Cleaning 

Although  steam  soot  blowers  have  been  used  for  economizer  clean- 
ing, in  order  to  avoid  certain  mechanical  difficulties  sometimes  experi- 
enced with  ordinary  scraper  mechanism,  and  to  avoid  air  infiltration 
through  the  chain  holes,  soot  blowers  are  believed  to  introduce  draw- 
backs which  more  than  offset  any  advantage.  Moisture  is  allowed  to 
enter  the  economizer  chamber,  increasing  corrosion  and  shortening  the 
life.  It  is  felt  that  most  scraper  trouble  is  due  to  the  intermittent  oper- 
ation often  practiced,  and  that  if  scrapers  are  kept  in  continuous  oper- 
ation and  given  ordinary  attention,  there  should  be  little  trouble  with 
them. 

Maintenance 

Based  on  records  kept  over  a  period  of  ten  years  covering  three 
million  dollars  worth  of  economizers,  the  average  annual  cost  of  econo- 
mizer maintenance  for  the  first  ten  years  is  believed  to  be  well  under 
one-half  of  one  per  cent  of  the  investment. 
Tech, 
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Pumping  Arrangements 

A  centrifugal  pump  is  preferred  to  a  plunger  puni|>.  A  water  relief 
valve  should  always  be  installed  on  the  pipe  line  between  the  feed  pump 
and  the  economizer,  and  the  pump  and  piping  arrangement  should  be 
such  that  there  is  no  question  about  a  definite  amount  of  water  passing 
through  each  economizer. 

B.  F.  Sturtevant  Company 
Recent  Developments  in  Design 

The  outstanding  improvement  in  design  is  the  development  of  a  "high 
pressure  machine,"  using  extra  thick  semi-steel  tubes  with  special  joints; 
a  number  of  sections  have  failed  under  test  at  pressures  from  2200  to 
^2400  lb.  per  sq.  in.  Water  circulation  has  been  improved  superseding 
"natural"  by  "positive"  circulation,  arranging  the  economizer  in  three 
or  more  passes,  the  commonest  being  five. 
Individual  Economizers 

The  big  change  in  practice  is  the  development  of  the  unit  system; 
with  the  advent  of  boilers  from  10,000  sq.  ft.  up,  run  at  peak  ratings 
from  250  to  350  per  cent  of  normal,  a  single  boiler  puts  out  as  much 
steam  as  the  total  of  a.n  old-fashioned  boiler  room.  As  there  is  a  limit  to 
the  size  of  the  economizer,  the  application  of  one  economizer  to  one  boiler ' 
comes  about  as  a  natural  development.  The  chief  advantage  is  thM  each 
boiler  economizer  unit  is  practically  independent  and  that  the  plant  as 
a  whole  is  more  flexible;  there  is  usually  also  a  considerable  saving  in 
flue  work,  especially  when  a  by-pass  is  not  used. 
Moderate  and  High  Pressure  Types 

For  plants  in  which  the  pressure  in  the  economizer  is  below  250 
lb.;  a  standard  type  •*M"  economizer  is  recommended.  When  pressures 
range  from  250  to  350  lb.,  the  extra  heavy  high  pressure  machine  is 
indicated.  During  the  past  four  years  a  considerable  number  of  high 
pressure  equipments  have  been  installed,  working  under  pressures  from 
250  to  350  lb.,  with  no  trouble  from  breakage  or  leakage  in  service. 
Pressure  Limitations 

It  is  believed  that  350  to  400  lb.  may  be  considered  the  limit  fur 
pressures  in  cast  iron  (including  semi-steel)  economizers.  The  ultimate 
strength  figures  for  standard  and  high  pressure  economizers  are  as  given 
in  the  following  table,  in  pounds  per  square  inch  internal  pressure;  the 
figures  griven  for  the  pipe  joints  are  from  actual  tests  by  sections,  and 
the  other  items  are  figured  by  formula.  Standard  High 

Pressure  Pressure 

Top  header  4,650  7,750 

Bottom  header   5,625  10,100 

Pipe 4,920  8,160 

Bends    6,240  9,850 

Manifolds  3,765  7,280 

Wall  boxes   5.500  9,000 

Pipe  joints  1,400-1,800       2,200-2,900 
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It  is  seen  that  for  pressures  up  to  350  lb.  the  factor  of  safety  is  ap- 
parently large;  every  precaution  is  taken  to  discover  such  defects  as 
blasts,  sand  holes,  cold  spots,  etc.,  by  mechanical  and  hydrostatic  testing. 
Specifications  for  Material 

The  specifications  for  economizer  iron  call  for  high  tensile  strength, 
close  grain,  low  sulphur  content,  and  minimum  amount  of  silicon  comr 
patible  with  the  strength  required.  The  iron  should  be  tough,  not  brittle, 
and  with  a  maximum  of  strength.  Cast  iron  should  have  a  tensile 
strength  of  at  least  25,000  lb.  per  sq.  in.,  and  a  sulphur  content  of  not 
more  than  0.1  per  cent;  semi-steel  a  tensile  strength  of  not  less  than 
35,000  lb.,  with  a  sulphur  content  of  not  more  than  0.1  per  cent.  As 
large  a  proportion  of  steel  is  used  as  is  possible,  without  rendering  the 
iron  too  hard  to  machine,  making  it  brittle,  or  making  it  subject  to  cor- 
rosion. 
PUHng  I 

A  careful  study  of  economizer  corrosion,  including  chemical  and 
physical  analyses,  indicates  that  the  incoming  water  should  be  at  a  tem- 
perature of  120  deg.  fahr.  or  higher,  in  order  to  prevent  condensation 
from  flue  gases  during  steady  operation.  For  the  first  15  to  60  minutes, 
however,  after  putting  an  economizer  into  service,  the  water  in  the 
economizer  is  cold,  and  injurious*  moisture  and  acid  deposit  often  take 
place.  This  could  be  avoided  by  heating  the-  feed  water  during  this 
initial  period,  by  using  either  live  steam  or  hot  water  from  the  boiler. 

A  suggestion  for  future  development  is  the  use  of  nickel-steel  for 
economizer  parts,  chemical  tests  showing  this  to  be  more  resistant  to 
action  by  sulphuric  acid  than  cold  rolled  steel,  cast  iron  or  semi-steel. 
The  last-named  is  next  to  the  nickel-steel  in  non-resistance  to  sulphuric 
acid,  but  wastes  away  several  times  as  fast.  It  is  diflicult,  if  not  impos- 
sible, to  prevent  corrosion,  using  for  tubes  the  grades  of  steel  and 
wrought  iron  now  available.  In  no  case  should  water  enter  wrought 
iron  economizer  tubes  at  a  temperature  below  212  deg.  fahr. 
Ratio  Economizer  to  Boiler  Surface 

The  ratio  between  economizer  and  boiler  heating  surface  of  course 
depends  upon  operating  conditions;  the  usual  practice  varies  from  0.45 
to  0.75. 
Water  and  Gas  Temperatures 

The  two  factors  which  should  govern  temperatures  of  incoming  and 
outgoing  water  are  the  temperature  of  the  steam  in  the  boiler  and  the 
commercial  consideration  of  return  on  the  investment.  In  practice,  the 
water  temperature  should  not  be  allowed  to  rise  higher  than  within 
40  to  50  deg.  fahr.  of  the  steam  temperature ;  in  some  cases  water  has 
risen  to  within  25  deg.,  but  this  should  never  occur  where  there  is  likely 
to  be  sudden  or  large  drop  in  steam  pressure,  or  where  there  is  a  variable 
ratio  of  water  and  gas  weights. 

A  heat  rise  curve,  plotted  to  coordinates  of  the  length  of  the  econo- 
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mizer  and  the  temperature  rise,  takes  the  form  of  a  rectangular  hyperbola 
and  approaches  a  straight  line;  in  other  words,  as  more  sections  are 
added,  the  rise  per  section  becomes  less.  Beyond  a  certain  number  of 
sections,  therefore,  the  commercial  return  does  not  warrant  putting  in 
further  sections. 

In  steel  mills  entering  gases  have  been  as  high  as  1200  to  1500  deg. 
fahr.;  in  the  average  power  plant  the  temperature  of  incoming  gas  is 
always  within  practical  limits.  The  temperature  of  outgoing  gas  is 
largely  controlled  by  the  water  factors  mentioned  above,  but  in  practice 
the  gas  should  not  be  reduced  below  300  deg.  fahr.  for  natural  draftj  this 
being  controlled  by  the  height  and  capacity  of  the  stack ;  when  mechani- 
cal draft  is  used  the  outgoing  gas  should  not  fall  below  the  temperature 
of  the  incoming  water  plus  100  deg. 

Heat  Transfer  Rate 

For  all  practical  purposes,  the  heat  transmission  rate  varies  directly 
as  the  velocity  and  density  of  the  gas;  for  purposes  of  computation 
therefore  the  unit  **lb.  gas  per  hr.  per  sq.  ft  of  free  area"  is  used.  In 
economizer  practice  the  transmission  rate  varies  from  1.5  B.tu.  per  sq. 
ft.  per  hr.  per  deg.  fahr.  difference  of  temperature  with  stagnant  gas, 
up  to  6  B.tu.  with  5000  lb.  gas  per  hr.  per  sq.  ft  of  free  area.  In  figuring 
actual  economizer  problems,  account  has  to  be  taken  of  radiation,  con- 
vection and  infiltration. 

CUaning 

For  cleaning  internal  surfaces  of  economizers  rotary  tube  cleaners 
should  be  used.  The  time  required  for  cleaning  an  economizer  32  to  40 
sections  long  and  12  pipes  wide  is  approximately  one  week,  using  four 
men. 

Maintenance 

Based  on  experience  over  a  number  of  years,  the  annual  economizer 
maintenance  is  figured  at  3  per  cent  of  the  price;  the  usual  practice  is 
to  figure  7  per  cent  for  depreciation,  1.5  per  cent  for  repairs,  and  1  per 
cent  for  insurance,  besides  the  3  per  cent  maintenance. 

Pumping  Arrangements 

In  the  case  of  a  single  economizer,  in  one  stage,  the  feed  piping  is 
arranged  the  same  as  without  economizer;  the  connection  to  economizer 
inlet  is  taken  out  of  the  line  and  the  connection  from  economizer  outlet 
brought  back  into  the  line,  with  suitable  valves  to  permit  running:  water 
either  through  or  past  the  economizer.  There  should  be  a  check  valve 
on  economizer  inlet  and  a  relief  valve  on  pump  outlet  Centrifugal 
pumps  are  preferable,  and  if  reciprocating  pumps  are  used  there  should 
be  provision  for  eliminating  shock.  Where  two  economizers  are  arranged 
in  parallel  as  regards  water  path,  each  should  be  connected  separately  to 
the  boiler  which  it  serves  or  else  all  the  water  should  pass  through  both 
economizers.    The  feed  water  should  be  regulated  by  the  speed  of  pumps. 
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or  by  a  feed  valve  between  pump  and  economizer,  and  not  by  a  feed  valve 
between  economizer  and  boiler. 

In  connection  with  the  forgoing  statements  from  manufac- 
turers, a  list  of  important  economizer  installations  made  duriAg 
the  past  three  years  will  be  found  in  Table  III. 

Power  Station  Auxiliaries 

Previous  reports  of  this  Committee  have  pointed  out  new 
developments  of  power  station  auxiliaries  from  the  standpoint  of 
increased  reliability  and  economy,  and  the  necessity  for  careful 
consideration  of  this  question  in  connection  with  design  and 
operation,  if  maximtun  overall  economies  are  to  be  obtained. 
The  increasing  price  of  fuel  and  the  determined  conservation 
drive  diu'ing  the  war  have  been  responsible  for  considerable  im- 
provement in  the  application  of  basic  underlying  principles. 
Engineering  study  of  the  subject  will  show  that  after  due  con- 
sideration is  given  to  required  reliability  and  reserve  capacity, 
the  problem  resolves  itself  into  one  of  maintaining  the  steam  bal- 
ance on  varying  load  with  the  maximum  possible  auxiliary  brake 
horse  power  from  exhaust  steam  discharging  to  the  heater.  The 
method  of  auxiliary  drive  is  of  course  a  compromise  between 
this  condition,  the  question  of  reliability  and  the  carrying 
charges  on  the  first  cost. 

It  has  been  pointed  out  that  in  a  modern  type  of  steam 
auxiliary  using  30  pounds  of  steam  per  brake  horse  power  hour 
the  cost  per  b.h.p.  of  auxiliary  power  will  be  about  4500  B.t.u., 
providing  all  steam  is  absorbed  by  the  heater ;  also  that  the  excess 
exhaust  steam  which  cannot  be  absorbed  will  cost  8  to  10  times 
this  amount;  also  that  electric  auxiliary  power  from  a  modern 
prime  mover  will  cost  22,000  to  25,000  B.t.u.  per  kw-hr.  A 
careful  analysis  of  a  given  operating  condition  with  these  figures 
in  mind  will  show  that  the  smallest  thermal  cost  for  auxiliary 
power  is  expended  when  steam  auxiliaries  having  a  minimum 
consumption  per  brake  horse  power  hour  are  used  up  to  the  limit 
of  feed  water  absorption  capacity,  and  the  balance  of  auxiliary 
power  required  is  taken  from  the  main  bus  bars.  The  installa- 
tion of  economizers  will  reduce  the  desirable  limit  of  absorption 
by  feed  water  on  account  of  the  greater  savings  effected  by 
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eopnomizers  when  feed  water  is  supplied  to  them  at  lower  tem- 
peratures than  212  d^.  fahr. 

The  above  fundamental  principles  have  been  applied  by 
member  companies  generally  according  to  the  following 
schemes: 

Dual  System 

Part  steam  and  part  electric  with  duplicate  circulating 
water  equipment  or  pumps  equipped  with  induction  motor 
drive  on  one  end  and  steam  turbine  with  variable  speed 
governor  on  opposite  end  to  control  proportion  of  power 
by  steam. 

Straight  Electric  Drive 

From  main  unit,  bleeding  intermediate  stages  of  main 
prime  mover  for  steam  to  heat  feed  water. 

Straight  Steam  Drive 

Using  all  steam  possible  to  heat  feed  water,  balance 
being  fed  to  low  pressure  stages  of  main  prime  mover. 

Straight  Electric  Drive  with  House  Turbines 

As  much  of  the  auxiliary  load  as  possible  is  carried  on. 
comparatively  large  size  turbine  exhausting  to  condenser 
heater,  balance  on  main  prime  mover. 

Comparisons  of  practical  operation  under  these  methods 
are  not  fully  available,  but  a  survey  of  a  number  of  typical 
installations  shows  that  the  dual  system  is  more  prevalent  and 
gives  the  desired  result  where  the  load  factor  is  reasonably 
good.  Duplication  of  boiler  feed  pumps,  air  pumps  or  fans, 
part  steam  and  part  electric,  are  also  used  to  control  the  steam 
balance  under  this  scheme.  House  turbines  show  some  addi- 
tional savings  over  other  schemes  under  some  conditions,  due 
to  lower  auxiliary  water  rate  and  the  possibility  of  operating 
house  turbines  under  a  vacuum  at  light  loads. 

The  replies  to  a  questionnaire  sent  out  to  member  com^ 
panies  for  information  as  to  station  auxiliary  apparatus  brought 
out  some  points  of  general  interest,  and  as  the  data  should  be 
valuable,  particularly  with  reference  to  new  designs,  they  have 
been  abstracted  as  follows: 
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Exciter  Drive 

The  improvements  of  the  plant's  excitation  system  from  a 
standpoint  of  reliability  have  probably  determined  the  method  of 
exciter  drive  to  a  great  extent.  In  general,  exciters  are  not 
interchanged  for  controlling  heat  balance  and  are  duplicated 
either  in  a  form  of  bracketed,  steam  or  motor  driven  exciters. 
The  larger  units  are  generally  equipped  with  direct  connected 
exciters,  whereas  the  smaller  plants  employ  motor  drive  for  use 
in  connection  with  voltage  regulators.  Steam  driven  exciters 
are  very  generally  used  for  standby  only. 

Heaters 

The  type  of  heaters  used  in  the  various  plants  and  the  size 
still  seem  to  be  an  open  question.  The  majority  of  plants  still 
prefer  the  open  type  on  account  of  better  elimination  of  en- 
trained air  and  gas  in  the  condensate  and  make-vq).  However, 
the  elimination  of  oil  seems  to  be  the  deciding  factor  in  favor 
of  dosed  heaters  where  used.  Plants  using  jet  condensers  pre- 
fer the  open  type  almost  entirely.  The  question  of  proper 
storage  ahead  of  the  heater  and  between  heater  and  boiler  feed 
pumps  is  receiving  considerably  more  attention  than  in  the  past, 
'to  eliminate  possible  losses  of  condensate  and  widely  fluctuat- 
ing feed  water  temperatures. 

Fans 

In  a  forced  draft  stoker  installation  where  the  unit  air  duct 
system  is  enq)loyed,  a  much  larger  aggr^;ate  fan  installation 
must  be  made  to  insure  the  same  reserve  and  overload  capacity 
than  is  the  case  with  the  common  duct  system  supplying  a  num- 
ber of  boilers  and  fed  by  a  group  of  fans.  With  such  an  instal- 
lation, furthermore,  practically  all  the  equipment  is  operating 
for  a  great  part  of  the  time  at  an  uneconomical  load. 

On  the  other  hand,  the  parallel  operation  of  fans  of  the 
same  design  and  construction  is  not  alwa3rs  entirely  successful. 
A  decided  improvement  has  recently  been  made  in  the  efficiency 
of  fans  over  a  wide  range  of  loads,  and  they  are  well  adapted 
for  either  motor  or  steam  drive,  so  that  the  selection  of  the  type 
of  drive  is  largely  a  matter  of  heat  balance. 

Boiler  Feed  Pumps 

Boiler  feed  pumps  are  generally  made  turbine  driven  with 
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the  diflFerential  pressure  governor  to  maintain  pre-determined 
relations  between  the  water  and  steam  pressure.  Several  of  the 
member  companies  are  using  motor  driven  boiler  feed  pumps 
with  entire  success.  Records  of  preliminary  operation  parallel 
with  steam  driven  pumps  tend  to  show  that  this  condition  is 
entirely  satisfactory  when  pumps  and  control  of  proper  types 
are  used.  One  of  the  member  companies  uses  a  variable  speed 
induction  motor  drive  with  the  differential  pressure  controlled 
by  an  automatic  pressure  regulator.  It  is  generally  found  neces- 
sary, or  desirable,  to  maintain  some  automatic  controlled  dif- 
ferential pressure,  particularly  when  used  on  a  system  equipped 
with  automatic  feed  water  regulators. 

In  summing  up  the  points  brought  out  in  the  above  state- 
ments, it  may  be  well  to  emphasize  again  the  fallacy  of  ail- 
ments in  the  past,  that  the  water  rate  of  steam  driven  auxiliaries 
is  not  an  item  deserving  much  consideration.  The  results  ob- 
tained by  some  of  the  more  modem  plants  in  thii  matter  of 
auxiliary  power  cost  will  certainly  show  the  importance  of  look- 
ing into  the  question  of  division  of  auxiliary  drive,  particularly 
in  the  smaller  plants.  Some  small  plant  records  have  shown  in 
their  performance  that  under  light  load  conditions  the  auxiliaries 
used  almost  as  much  steam  as  that  delivered  to  the  main  unit,  the 
excess  either  going  to  the  condenser  or  to  the  atmosphere,  either 
of  which  result  is  very  wasteful.  Investigations  will  sometimes 
indicate  that  only  a  slight  revision  in  the  method  of  operating  in 
the  older  type  of  plants  will  accomplish  surprising  results  at  a 
nominal  expense.  For  new  work  the  matter  of  reliability  of 
auxiliaries  in  connection  with  large  prime  mover  units  should 
be  thoroughly  emphasized.  Member  companies  in  most  in- 
stances are  using  duplicate  auxiliaries  or  cross-connecting  auxil- 
iary equipment.  Member  companies  are  specif )ring  steam  auxil- 
iaries to  operate  at  full  capacity  with  a  maximum  drop  of  about 
50  pounds  in  steam  pressure.  Electric  auxiliaries  are  usually 
specified  to  operate  on  10  per  cent  voltage  variation  in  either  direc- 
tion. Member  companies  specified  as  much  as  33^  per  cent 
drop  in  voltage  before  pull-out  occurs  on  drive  motors.  This  is 
particularly  true  for  exciter  drive.  It  is  suggested  that  some 
very  important  information  can  be  obtained  through  an  analy- 
sis of  the  auxiliary  steam  and  of  steam  lost  and  unaccounted 
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for  per  kilowatt-hour  in  various  stations  using  the  diflFerent 
schemes  of  auxiliary  power  supply. 

Coal  Storage  and  Handling 

Storage 

Writers  on  this  subject  show  very  little  tendency  to  agree 
as  to  the  cause  of  heating  and  deterioration  of  coal  in  storage, 
there  being  theories  oflfered  by  eminent  authorities  supporting 
all  possible  and  a  good  many  impossible  causes,  this  difference 
in  opinion  being  due  largely  to  the  fact  that  most  writers  speak 
from  the  observation  of  local  conditions  both  as  to  coal  and 
climate. 

There  is  considerably  more  agreement,  however,  on  the 
results  to  be  expected  under  certain  conditions  than  there  is  in 
the  theories  offered  as  to  their  causes.  Among  the  principles 
which  are  backed  up  by  extensive  experimental  data  and  widely 
accepted  b3i^he  authorities  on  the  subject  are : 

(1)  Coal  does  not  deteriorate  seriously  unless  it  heats 
sufficiently  to  fire  in  some  part  of  the  pile. 

(2)  If  the  pile  fires  in  one  or  more  places,  all  of  the  coal 
in  the  immediate  neighborhood  of  the  fire  is  absolutely  ruined 
as  far  as  gas  and  coke  making  is  concerned,  though  it  can  still 
be  used  as  fuel  for  boilers. 

Fires  in  coal  piles  are  caused  by  sufficient  air  for  combus- 
tion coming  in  contact  with  the  coal  at  a  point  where  it  is  too 
far  from  the  surface  for  the  heat  to  be  dissipated  by  radiation  or 
where  the  ventilation  is  insufficient  for  it  to  be  carried  away  by 
air  currents  as  rapidly  as  it  is  generated. 

It  is  also  conceded  that  fresh  mined  coal  absorbs  oxygen 
and  consequently  heats  much  more  rapidly  than  coal  which  has 
been  above  ground  for  a  considerable  period,  and  that  coal 
which  has  once  been  thoroughly  heated  and  quenched  will  rarely 
fire  again. 

A  consideration  of  the  above  causes  suggested  certain 
obvious  remedies,  among  which  the  following  have  been  suc- 
cessfully tried : 

(1)  The  exclusion  of  air,  which  can  be  attained  by: 

(a)  Storing  under  water  which  keeps  the  coal  up  to 

its  original  value  for  all  purposes,  for  an  indefinite  length 


Digitized  by 


Google 


107 

of  time.  This  method,  while  advantageously  used  in  a 
number  of  cases,  is  open  to  a  number  of  objections,  among 
them  being  high  first  cost  of  plant,  difficulty  from  ice  in 
northern  winters,  difficulty  in  dewatering*  after  removal 
from  storage  and  trouble  in  handling  wet  coal  in  certain 
types  of  stoker.  It  has  the  very  decided  advantage,  how- 
ever, that  the  coal  is  always  there  when  you  want  it  and 
it  is  as  good  after  five  years'  storage  as  when  it  was  first 
mmed.  This  advantage  has  been  the  deciding  factor  in 
causing  the  Navy  to  install  under-water  storage  at  Panama 
and  other  places  in  the  tropics,  where  the  atmospheric  con- 
ditions would  cause  rapid  deterioration  of  coal  stored 
above  ground. 

(b)  Storage  in  air  tight  bunkers.  This  method  is 
mainly  available  on  colliers  where,  if  the  hold  is  completely 
filled  with  either  a  slack  coal  or  run-of-mine  having  a  suffi- 
cient proportion  of  slack  to  fill  up  the  spaces  between  the 
lumps,  there  will  not  be  sufficient  oxygen  available  to  sup- 
port combustion.  It  has  been  found  of  advantage  in  some 
cases  to  pump  cold  flue  gases  into  the  hold  to  reduce  further 
the  oxygen  content. 

(c)  By  storing  a  mixture  of  sizes  so  proportioned 
that  the  air  spaces  between  the  lumps  are  completely  filled, 
and  tamping  successive  layers  of  coal  to  further  eliminate 
air  spaces.  This  method,  on  account  of  the  excessive 
amount  of  hand  labor  involved,  is  available  only  where 
small  amounts  of  coal  are  stored  "and  where  hand  methods 
of  storing  and  reclaiming  are  used. 

(2)  Storage  in  piles  small  enough  in  size  to  allow  the  heat 
to  be  radiated  as  fast  as  it  is  formed.  The  size  of  pile  necefesary 
to  accomplish  this  object  varies  greatly.  There  are  some  coals 
which  will  stand  storing  in  piles  40  feet  high  containing  over 
50,000  tons  to  the  pile  for  several  years  without  serious  heating, 
and  there  are  others  which  cannot  be  stored  over  4  feet  high  or 
in  piles  of  over  1000  tons  without  catching  fire  in  a  few  months. 
There  is  obviously,  however,  very  little  difference  in  the  cost  of 
coal-handling  machinery  for  a  pile  of  40  feet  high  containing 
40,000  tons  and  one  4  feet  high  containing  4000  tons.    The  low 
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pile  coal  consequently  faces  a  very  decided  handicap  in  both  first 
cost  of  plant  and  in  cost  of  operation. 

(3)  The  provision  of  sufficient  ventilation  to  carry  away 
the  heat  of  combustion  as  rapidly  as  formed.  This  may  be 
accomplished : 

(a)  By  storing  only  lump  coal  which  offers  sufficient 
air  passage  through  the  pile  to  cool  the  coal.  This  system 
is  practical  only  to  a  limited  extent,  as  lump  coal  is  used 
mainly  for  domestic  purposes  and  is  rarely  stored  in  large 
quantities. 

(b)  By  installing  a  system  of  ventilating  ducts  carry- 
ing to  all  parts  of  the  pile  sufficient  air  for  removing  the 
heat  as  formed.  Numerous  elaborate  systems  have  been 
devised  to  accomplish  this  purpose  and  many  of  them  tried 
out,  but  they  have  usually  been  abandoned  after  a  year  or 
two  because  it  was  found  that  the  ventilating  system  cost 
more  than  the  coal  was  worth. 

With  eastern  coals  the  system  of  storage  which  is  most 
widely  used  is  to  stack  in  high,  large  piles,  and  on  the  first  sign 
of  heating,  dig  out  the  hot  spot,  thoroughly  drench  it  with  water 
and  stack  it  again  in  a  new  place,  it  having  been  found  that  coal 
once  heated  and  quenched  will  rarely  fire  again.  It  is  a  prime 
requisite  for  the  success  of  this  system  to  have  coal-handling 
equipment  of  ample  capacity  for  rapidly  transferring  the  coal 
at  the  first  sign  of  heating.  This  system  should  not  be  con- 
fused with  that  of  simply,  digging  a  hole  down  to  the  hot  spot 
and  trying  to  drench  it  with  water,  because  this  method  does  not 
give  satisfactory  results;  nine  times  out  of  ten  the  water  finds 
an  easy  channel  to  the  ground  and  scarcely  touches  the  hot  coal 
on  its  way. 

Volumes  have  been  written  on  the  proper  time  to  store 
coal,  some  authorities  advising  storing  in  the  winter  when  it  is 
cold  and  consequently  less  likely  to  heat,  others  advising  stor- 
age in  August  when  the  coal  is  dry.  The  power  plant  manager 
is  usually  confronted  with  the  necessity  of  storing  coal  when 
he  can  get  it  and  reclaiming  it  when  he  needs  it:  his  storage 
consequently  must  be  an  all  the  year  round  proposition. 

The  storage  of  coal  is  a  local  problem.     If  it  is  stored  to 
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take  advantage  of  a  cheaper  price  at  certain  seasons  of  the  year, 
the  difference  in  price  is  the  limiting  factor  in  storage  costs.  If 
storage  is  kept  because  it  must  be  available  at  all  times  and  deliv- 
eries are  too  uncertain  to  depend  on,  it  becomes  a  question  of 
method  of  storage  and  not  one  of  storage  or  no  storage.  If  sev- 
eral types  of  storage  will  give  the  same  result,  local  conditions 
affect  the  type  to  be  decided  upon.  In  a  number  of  cases  under- 
water storage  has  been  found  practically  ready  made  in  the  avail- 
ability of  abandoned  quarries  and  clay  pits;  in  others  they  would 
have  to  be  created  at  great  expense. 

When  it  is  decided  that  storage  is  necessary,  the  best  pro- 
cedure is  to  determine  the  quality  of  protection  necessary  for 
the  coal  you  expect  to  use,  if  possible,  from  the  experience  of 
those  who  have  stored  coal  from  the  same  district,  and  then  with 
the  local  conditions  in  view,  provide  in  the  cheapest  way  pos- 
sible the  protection  which  this  experience  has  shown  to  be  neces- 
sary. 

It  was  the  intention  of  your  Committee,  by  means  of  a 
questionnaire,  to  show  the  comparative  cost  of  various  types  of 
above-ground  and  under-water  coal  storage.  Due,  however,  to 
the  wide  difference  in  accounting  methods  in  the  plants  report- 
ing, no  definite  conclusions  can  be  drawn  from  the  data  so  far 
received.  It  is  the  Committee's  intention  to  follow  up  this  mat- 
ter, and  it  hopes,  in  the  next  report,  to  give  definite  information 
on  this  subject. 

Handling 

•Methods  of  handling  and  reclaiming  coal  in  some  of  the 
latest  installations  are  covered  by  the  following  brief  descrip- 
tions : 

U.  S.  Government  Explosives  Plant  "C" 
NiTRO^  West  Virginia 

The  two  boiler  houses  are  parallel  to  each  other,  with  a 
space  of  approximately  300  feet  between  them.  Each  boiler 
house  is  564  feet  long  by  49  feet  8  inches  wide,  and  contains  a 
single  row  of  boilers.  The  space  between  the  boiler  houses  is 
used  for  coal  storage  and  coal-handling  equipment.  Midway 
between  the  boiler  houses  there  is  located  a  coal  trestle  with  a 
capacity  of  approximately  ten  cars.      This    trestle   consists    of 
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wooden  bents  mounted  on  concrete  footings  and  24  in.  I  beam 
stringers.  The  coal  is  brought  on  to  the  trestle  in  standard 
gauge  railroad  cars  and  is  dumped  into  the  receiving  pit,  which 
extends  the  entire  length  of  the  trestle.  Parallel  to  the  trestle 
and  on  each  side  of  it  are  tracks  on  which  operate  locomotive 
cranes  for  handling  the  coal.  There  are  three  locomotive  cranes 
— ^two  for  regular  service  and  one  which  is  used  as  a  spare.  Each 
crane  has  a  radius  of  100  feet  and  is  equipped  with  a  5  cubic 
yard  bucket.  Provision  has  been  made  so  that  the  spare  crane 
can  operate  ^t  either  side  of  the  trestle.  The  coal  storage  is 
located  between  the  crane  tracks  and  the  boiler  houses.  In  normal 
operation,  when  coal  is  received  and  dumped  below  the  trestle, 
it  is  picked  up  by  -the  locomotive  cranes  and  dropped  into  travel- 
ing crusher  cars  on  top  of  the  boiler  houses.  The  crusher  cars 
move  along  tracks  on  top  of  the  boiler  houses  and  distribute  the 
coal  evenly  into  the  bunkers  above  the  boilers.  The  cranes  can 
also  store  the  coal  or  make  good  any  deficiency  in  coal  supply 
by  taking  coal  from  the  storage.     The  guaranteed  capacity  of 


Fig.    27— Coal   Handling    Equipment   U,    S.    Government    Explosives 
Plant,  Nitro.  West  Virginia 
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each  crane  when  handling  coal   from  the  pit  to  one  of  the 
bunkers  is  200  tons  per  hour. 

Fig.  27  shows  the  general  layout  of  the  plant  and  the  coal 
handling  equipment 

U.  S.  Government  Explosives  Plant  "N" 
Old  Hickory,  Tennessee 

Coal  is  delivered  on  three  tracks  laid  on  a  one  per  cent 
grade  with  a  sufficient  length  above  and  also  below  the  dump- 
ing hoppers  to  hold  35  cars.  The  hoppers  are  so  arranged  that 
coal  may  be  received  from  either  hopper  dtunping  or  side  dump- 
ing cars.  Each  hopper  is  27  feet  by  27  feet  and  delivers  to  a 
42  inch  apron  feeder  with  a  capacity  of  150  tons  per  hour, 
which  feeds  the  coal  to  a  36  inch  by  36  inch  two-roU  crusher 
operating  at  110  rev.  per  min.  These  crushers  deliver  to  24  inch 
belts  operating  at  300  feet  per  minute,  each  of  which  has  a  capac- 
ity of  150  tons  per  hour. 

The  above  belts  convey  th^  coal  to  the  first  set  of  inclined 
belts  which  lift  the  coal  to  the  top  of  No.  1  silo,  a  reinforced 
concrete  tower  20  feet  in  diameter  and  43  feet  high.  If  the  coal 
is  to  be  delivered  direct  to  the  bunker,  that  is,  without  storing, 
it  drops  down  through  the  silo  onto  the  second  set  of  inclined  belts, 
then  to  the  top  and  down  through,  silo  No.  2  onto  the  third  set 
of  inclined  belts,  which  lift  it  to  the  top  of  the  bunker,  where  by 
means  of  horizontal  belts,  each  provided  with  a  hand  movable 
tripper,  it  is  delivered  to  any  part  of  the  bunker.  Each  of  the 
inclined  belts  is  24  inches  wide  and  at  a  speed  of  600  feet  per 
minute  has  a  capacity  of  300  tons  per  hour. 

If  coal  is  to  be  stocked,  it  is  diverted  through  a  hole  in  the 
upper  part  of  either  silo,  forming  a  pile  from  which  it  is  dug  by 
one  of  two  cranes  operating  on  a  four  rail  track  with  a  figure 
8  shape.  Each  crane  is  110  feet  radius  and  provided  with  a  3.5 
ton  bucket  and  has  a  designed  capacity  of  200  tons  per  hour. 
Coal  being  reclaimed  is  dug  from  any  part  of  the  pile  desired 
and  thrown  against  the  silo  into  which  it  passes  through  a  hole 
in  the  lower  part  onto  a  feeder  which  delivers  it  onto  one  of  the 
inclined  belts  for  delivery  to  the  bunker.  The  silos  are  of  suffi- 
cient size  so  that  in  case  later  it  were  found  necessary  to  store 
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only  screened  coal,  the  crushers  and  screens  could  be  installed 
in  them. 

All  of  the  motors  except  those  driving  the  conveyors  on 
top  of  the  coal  bunker  are  equipped  with  automatic  starters 
wired  to  a  central  control  point  near  the  coal  hoppers,  so  that 
the  entire  system  could  be  operated  from  that  point.  Chutes 
with  proper  gates  are  provided  wherever  necessary  so  that  any 
belt  can  deliver  to  any  of  the  subsequent  belts,  thereby  giving 


Fig.  28 — Coal  Handling  Equipment,  U.  S.  Government  Explosives 
Plant,  Old  Hickory,  Tennessee 

excellent  flexibility.     Fig.  28  shows  the  general  layout  of  the 
plant  and  the  coal  handling  equipment. 

Riverside  Station  of  the  Municipal  Gas  Company 
Albany^  N.  Y. 

Coal  is  brought  to  the  station  by  rail,  a  spur  track  from  the 
E)elaware  &  Hudson  Railroad  running  the  full  length  of  the 
property.  The  coal  is  dumped  from  the  cars  into  a  pit  from 
which  it^s  picked  up  by  an  electrically  operated  traveling  one 
man  tower  located  on  top  of  the  boiler  house  structure  and  is 


Digitized  by 


Google 


113 

discharged  into  a  hopper  placed  over  a  crusher  in  the  tower, 
from  which  the  coal  drops  through  hatches  into  the  bunkers. 
This  tower  has  a  capacity  of  45  tons  of  coal  per  hour.  The  pile 
of  coal  within  reach  of  the  bucket  is  sufficient  for  ten  days' 
supply  for  the  boilers  in  addition  to  what  is  carried  in  the  over- 
head bunkers.    The  traveling  tower  is  illustrated  in  Fig.  29. 


Fig.  29 — Coal  Handling  Equipment,  Municipal  Gas  Company, 

Albany,  N.  Y. 

Boiler  and  Turbine  Room  Instruments 

In  the  work  of  previous  committees  on  boiler  and  turbine 
room  instruments,  recognition  has  been  given  to  the  use  of  CO, 
recorders  and  steam  flow  meters  as  an  aid  in  the  proper  opera- 
tion of  the  boiler  room.  Since  these  reports  were  made,  such 
instruments  have  been  much  improved  and  other  instruments 
have  been  developed  to  aid  in  the  more  efficient  operation  of  both 
turbine  and  boiler  rooms. 

In  the  last  two  or  three  years  great  advancement  has  been 
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made  in  the  development  of  COg  recording  machines,  and  many  of 
the  former  criticisms  have  been  met,  but  at  the  present  time  these 
machines  are  still  far  from  ideal  for  the  fireman's  use.  Much 
trouble  is  experienced  in  keeping  the  machine  and  sample  piping 
in  working  order,  and  there  is  a  gradual  falling  off  in  the  accur- 
acy, beginning  immediately  after  being  put  in  proper  repair. 
The  reliability  of  the  readings  then  depends  upon  the  frequency 
of  adjustment. 

The  principle  of  the  COj  recorder  is  excellent  in  that  it 
gives  a  direct  measure  of  the  amount  of  air  required  to  utilize 
to  the  utmost  the  heat  value  of  the  fuel,  and  gives,  therefore,  an 
indication  of  the  most  efficient  combustion.  But  good  over-all  effi- 
ciency does  not  necessarily  follow  from  good  combustion  effi- 
ciency, since  it  is  affected  by  the  condition  of  the  surfaces  of  the 
boiler,  and  as  an  indication  of  this  condition,  it  is  necessary  to 
use  a  flue  thermometer  in  conjunction  with  the  COj  recorder. 
A  temperature  standard  may  then  be  obtained  at  different  rat- 
ings by  a  test  upon  a  clean  boiler  using  proper  combustion,  and 
by  reference  to  this  in  subsequent  operation  the  flue  temperature 
will  indicate  when  the  boiler  is  dirty.  A  steam  flow  meter  then 
also  becomes  a  necessary  part  of  the  outfit. 

The  same  functions  which  are  performed  by  the  CO,  re- 
corder in  conjunction  with  the  flue  gas  thermometer  and  steam 
flow  meter  can  be  performed  by  other  reliable  means,  as  will  be 
explained.  While  maintaining  the  maximum  efficiency,  a  definite 
amoimt  of  combustible  must  be  consumed  to  produce  a  definite 
output  for  the  boiler  and  to  consume  this  combustible  will  re- 
quire a  definite  amount  of  air.  If  the  relationship  between  the 
amount  of  air*  and  the  boiler  output  is  determined  once  for  all 
when  the  boiler  is  clean  and  operated  at  maximum  efficiency, 
this  relationship  will  subsequently  serve  as  a  standard  by  which 
to  operate  the  boiler.  The  output  of  the  boiler  at  any  particular 
moment  is  proportional  to  the  steam  output,  provided  the  feed 
water  temperature  is  maintained  constant  and  the  rate  of  feed 
to  the  boiler  is  maintained  proportional  to  the  steam  output. 

In  holding  operation  to  the  standard  relationship,  account 
must  be  taken  of  the  condition  of  the  boiler  surfaces.  If  the 
surfaces  are  dirty,  the  gases  must  be  hotter  so  that  the  water  may 
obtain  the  same  transfer  of  heat  through  the  tubes,  and  this 
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will  require  more  coal.  There  is  then  an  increased  amount  of 
coal  for  the  same  output,  and  if  the  relationship  of  air  to  steam 
is  held  according  to  the  standard,  there  will  be  insufficient  air 
for  the  increased  combustion.  There  is  then  a  falling  off  in 
over-all  efficiency  chargeable  to  these  two  sources:  that  is  to 
the  inefficient  heat  transfer  in  the  boiler  and  to  the  inefficient 
burning  of  the  coal.  The  flue  thermometer  may  be  used  to 
indicate  this  condition.  The  higher  temperature  of  the  gases 
will  be  evident  in  the  flCie,  and  by  comparison  with  the  tempera- 
ture known  as  standard  for  efficient  operation  at  equivalent  rat- 
ing, the  condition  of  the  tubes  is  indicated. 

It  would  seem  that  this  method  of  operating  the  boilers  de- 
pends upon  keeping  the  boilers  clean.  However,  the  transfer  of 
heat  through  the  boiler  is  as  much  a  part  of  the  elements  operat- 
ing toward  efficiency  of  the  unit  as  is  the  proper  combustion,  and 
requires  attention  to  that  end. 

Air  Flow  Meters 

To  accomplish  the  purposes  described,  many  methods  have 
been  devised  for  measuring  the  air  passing  through  the  boiler. 
In  some  cases  it  has  been  determined  by  means  of  pitot  tubes^ 
in  some  cases  by  orifices  in  the  pass  to  the  air  chamber,  and  in 
others  by  using  the  boiler  setting  as  an  orifice. 

When  the  latter  method  is  used,  the  orifice  becomes  smaller 
as  the  gas  passages  grow  dirty,  and  the  differential  indication' 
given  by  the  boiler-orifice  is  too  high  as  a  measure  for  the  actual 
amount  of  air.  The  fireman  then  reduces  the  draft  in  order  to 
maintain  the  standard  ratios  of  air  to  steam  and  this  condition 
augments  the  condition  of  insufficient  supply  of  air  caused  by 
dirty  heating  surfaces,  which  has  been  previously  explained. 

The  principal  cause  of  the  decrease  of  the  size  of  the  orifice 
is  the  formation  of  slag  on  the  lower  rows  of  tubes  in  the  first 
pass,  and  in  order  to  overcome  the  change  in  orifice  where  slag 
forms,  it  has  been  found  necessary  to  place  the  draft  pipe  for 
the  differential  actuation  above  several  rows  of  tubes  in  the  first 
pass  of  the  boiler.  It  is  a  question  whether  or  not  this  is  advis- 
able; whether  it  would  not  be  better  to  leave  the  draft  pipe 
below  the  lower  rows  of  tubes  and  to  instruct  the  fireman  to  run 
in  his  bar  and  break  off  the  slag  when  the  temperature  appears 
too  high  for  the  amount  of  steam  produced,  thus  bringing  the 
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orifice  back  to  the  normal  condition  as  well  as  making  his  boiler 
more  efficient  and  of  undiminished  capacity. 

If  the  draft  in  the  fire  box  is  too  great,  there  will  be  a 
tendency  to  blow  through  the  doors  when  opened  and  the  main- 
tenance expense  of  the  fire  brick  and  grates  will  be  increased,  and 
if  the  draft  is  too  low,  the  tendency  will  be  toward  a  vacuum  in 
the  furnace  and  infiltration  will  be  accentuated.    Holding  about 


Fig.  30— Boiler  Control  Panel 
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1-10  inch  water  draft  in  the  fire  box  on  forced  draft  stokers  has 
been  found  advisable  for  these  reasons.  Where  this  is  adhered 
to  and  where  the  coal  burned  and  the  design  of  the  furnace  are 
such  that  no  slag  forms  on  the  tubes,  the  draft  in  the  last  pasis 
can  be  used  as  a  direct  measure  of  the  amount  of  air  passing 
through  the  furnace,  eliminating  the  necessity  for  a  diflferential 
pressure  measurement. 

Remote  Control 

The  method  of  utilizing  steam  flow  and  air  flow  meters  and 
flue  thermometers  offers  a  most  promising  solution  to  the  ques- 


companies  are  gradually  progressing  toward  this  method  of 
operation.  All  of  these  companies  use  one  or  the  other  of  the 
methods  just  described,  that  is,  the  COj  recorder,  steam  flow 
meter,  and  flue  gas  thermometer,  or  the  steam  flow  meter,  air 
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flow  meter  and  flue  gas  thermometer,  together  with  indicating 
or  recording  draft  gages,  giving  the  pressure  in  the  fire  box,  the 
draft  over  the  fire  and  the  draft  in  the  last  pass  of  the  boiler. 

Boiler  Over-All  Efficiency  Measuretnent 

Another  instrument  universally  used  is  the  tachometer 
which  gives  the  speed  of  the  stoker.  This  may  be  graduated  in 
various  ways  to  give  seconds  per  revolution,  coal  per  hour,  or 
inches  of  air  to  be  maintained  in  fire  box  corresponding  to  the 
speed.  With  provisions  for  measuring  the  amount  of  coal  fed 
to  the  furnace,  the  amount  of  steam  produced  and  the  efficiency 
of  combustion  of  the  coal,  the  over-all  efficiency  is  at  all  times 
indicated  or  recorded  as  the  case  may  be,  and  the  fire  is  com- 
pletely and  properly  under  control. 

Some  attempts  have  been  made  to  indicate  or  record  on  one 
instrument  the  various  conditions  which  have  been  described 
and  which  have  a  co-relation  with  one  another  to  efficient  opera- 
tion, in  order  to  avoid  the  use  of  several  charts  for  interpreta- 
tion, and  considerable  success  is  being  experienced  along  this 
line. 

Having  considered  the  methods  employed  for  operating 
boilers  at  maximum  efficiency,  it  may  be  well  to  mention  briefly 
some  observations  with  regard  to  the  instruments  employed. 

Steam  Flow  Meters 

The  steam  flow  meter  has  progressed  greatly  since  the  last 
report  of  this  Committee,  and  its  accuracy  as  now  designed  can 
easily  be  maintained  within  2  per  cent. 

These  meters  then  may  be  depended  upon  for  a  perfect 
indication  in  the  boiler  room,  and  also  may  be  used  in  many 
cases  for  the  sale  of  steam. 

There  are  two  principles  used  in  the  measurement  of  steam 
by  the  best  known  steam  flow  meters.  One  is  based  upon  the 
orifice  method  and  the  other  upon  the  pitot  tube.  Both  of  these 
are  accurate  in  results.  The  pitot  tube  has  one  disadvantage 
over  the  orifice.  If  there  is  foreign  material  being  carried  along 
in  the  steam,  it  is  apt  to  clog  the  openings  and  cause  the  meter 
to  read  in  error.  However,  where  there  is  no  danger  from  this 
element,  the  pitot  tube  is  just  as  accurate  and  reliable  as  the 
Qthcr, 
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It  might  be  well  to  point  out  here  to  the  users  of  steam  flow 
meters  who  have  had  trouble  with  the  clogging  of  pitot  tubes 
that  this  form  of  meter  could  be  easily  and  inexpensively 
changed  over  to  the  orifice  type  of  meter,  and  the  change  would 
be  readily  made  by  any  meter  concern.  This  change,  however, 
should  be  made  by  someone  who  thoroughly  understands  the 
characteristics  of  the  flow  of  steam  through  an  orifice,  in  ordcfr 
that  the  connections  for  measuring  the  diflferentiaJ  pressure  can 
be  made  in  the  right  way  and  inaccuracy  on  this  account  avoided. 

Boiler  Plant  EMciency  Measurements 

Coming  now  to  a  discussion  of  the  over-all  efficiency  of  the 
boiler  plant,  the  instruments  used  have  progressed  in  proportion 
with  those  used  for  individual  boiler  operation.  Very  suitable 
meters  have  been  designed  for  measuring  the  feed  water  sup- 
plied to  the  boiler.  Also  meters  for  measuring  the  water  that  is 
drawn  from  the  boiler  in  the  form  of  blow-down.  Furthermore, 
recording  automatic  scales  have  been  developed  for  recording 
the  weight  of  coal  passing  over  belt  conveyors  or  through  hop- 
pers, so  that  it  is  possible  to  run  continuous  over-all  boiler  room 
tests. 

Automatic  instrtunents  for  measuring  coal,  however,  have 
not  reached  the  stage  of  perfection  which  could  be  desired,  as  in 
order  to  keep  them  reasonably  accurate  they  must  be  continu- 
ally adjusted.  For  this  reason  many  plants  equipped  with  the 
modem  boiler  of  increased  size  are  using  the  coal  larry  with  the 
well  known  platform  scales. 

Recording  thermometers  are  coming  into  more  extensive 
use  in  various  parts  of  the  plant.  The  installation  of  economizers 
calls  for  the  employment  of  these  and  they  have  proved  accurate 
and  essential  for  efficient  operation  at  this  point. 

As  a  matter  of  fact,  regarding  all  turbine  and  boiler  room 
instruments,  the  recording  type  is  becoming  popular  and  shows 
good  results  from  the  point  of  view  of  decreased  cost  of  opera- 
tion of  the  plant. 

Water  Meters 

The  meters  used  for  measuring  the  feed  water  may  be 
divided  into  different  classes,  one  which  employs  the  principle 
of  the  V  notch  weir,  another  the  principle  of  the  orifice  and  an- 
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other  the  principle  of  the  pitot  tube,  and  there  arc  also  meters 
depending  upon  weighing  devices  and  volumetric  meters. 

The  pitot  tube  has  the  same  faults  in  measuring  water  that 
it  has  in  measuring  steam  and  for  this  reason  it  is  practically 
eliminated  from  this  class  of  service. 

The  orifice  type  of  meter,  which  includes  the  Venturi  type, 
is  an  accurate  means  for  measuring  hot  water  and  is  extensively 
used.  The  V  notch  weir,  which  has  greatly  advanced  in  recent 
years,  is,  pressing  the  Venturi  meter  for  a  place  in  this  field  and 
its  accuracy  and  practicability  have  become  unquestioned.  These 
types  may  also  be  used  for  measuring  the  water  which  is  taken 
from  the  boiler  in  the  form  of  blow-down.  All  three  of  these 
types  of  meters  with  very  little  attention  can  be  kept  well  within 
the  accuracy  of  2  per  cent. 

Indications  for  Special  Purposes 

The  Station  Load  Indicator  has  a  place  in  every  boiler 
room  and  turbine  room.  This  is  sometimes  of  the  taxi-call  type, 
but  many  plants  have  devices  of  their  own  design. 

Indications  for  special  purposes  in  various  plants  are  of 
value.  Among  member  companies  it  is  noted  that  thermometers 
have  been  used  on  super-heaters  where  there  is  trouble  from 
priming  of  the  boilers,  in  order  to  give  an  indication  of  this 
trouble.  Water  back  alarm  thermometers  are  used  by  some. 
Damper  position  indicators  find  some  use. 

Turbine  Room  Instruments 

Turbine  room  instruments  have  also  made  considerable  ad- 
vance. We  need  say  nothing  in  regard  to  the  thermometers, 
steam  gauges,  speed  indicators,  etc.,  which  have  already  become 
so  common,  but  with  the  improvement  which  has  taken  place  in 
the  steam  flow  meter  it  has  become  more  and  more  desirable  to 
equip  each  unit  with  a  steam  flow  meter,  and  by  this  means  an 
accurate  account  may  be  kept  of  the  disposition  of  the  steam 
produced  and  a  reliable  indication  given  of  any  trouble  which 
has  developed  or  is  developing  in  a  particular  piece  of  apparatus 
as  shown  by  the  increased  steam  consumption. 

Among  special  devices  used  by  some  in  the  turbine  room, 
mention  should  be  given  to  the  air  bell  in  connection  with  con- 
densers as  a  measure  for  leakage. 
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Mention  should  also  be  made  of  the  two  pen  recording  ther- 
mometer used  on  jet  condensers  in  certain  cases,  showing  ex- 
haust steam  and  circulating  water  discharge  temperatures. 

Electrical  instruments  have  long  ago  reached  a  pretty  com- 
plete stage  of  development.  Instruments  for  the  assistance  of 
the  fireman  and  the  engineer  on  the  other  hand  are  of  compara- 
tively recent  development.  They  are  still  in  an  incompleted  stage 
of  the  process.  Many  plants  have  still  to  learn  the  value  of  these 
instruments.  Many  others  wait  only  to  be  assured  of  their  value 
from  the  point  of  view  of  their  reliability. 

We  are  in  a  forward  movement  which  has  developed  rap- 
idly and  stiy  has  the  momentum  for  further  improvement  in 
instruments  and  methods.  If  we  would  go  forward  with  this 
movement,  we  must  be  a  part  of  it,  and  the  development  is  so 
far  advanced  today  that  money  cannot  be  better  expended  in  the 
plant  than  by  equipping  the  station  pretty  thoroughly  with  in- 
struments as  advocated  in  this  report. 

Pulverized  Fuel 

The  use  of  pulverized  coal  as  fuel  for  industrial  work  and 
under  steam  boilers  has  received  a  great  deal  of  attention  from 
central  station  operators  as  well  as  manufacturers  during  the 
past  few  years,  due  to  the  rapid  decrease  in  the  supply  of  natural 
gas  for  fuel  in  heating  furnaces  and  similar  industrial  work  and 
the  scarcity  and  high  price  of  fuel  oil,  as  well  as  the  rapidly 
increasing  cost  of  coal,  together  with  its  poor  quality. 

The  burning  of  pulverized  fuel  for  industrial  work  has  de- 
veloped to  a  point  where  the  difficulties  have  been  largely  over- 
come, but  your  Committee  has  very  little  to  report  on  the  suc- 
cessful use  of  pulverized  coal  as  fuel  under  steam  boilers  for 
central  station  work. 

Several  installations  have  been  made  for  burning  pulverized 
fuel  under  boilers  in  centraj  stations,  but  these  installations  have 
been  made  principally  under  small  boilers  in  old  or  rebuilt 
stations. 

Possibly  the  application  of  the  art  has  not  been  g^ven  the 
fair  trial  to  which  it  is  entitled,  but  no  installation  of  this  equip- 
ment has  been  made  in  a  modern  central  station  or  under  large 
boilers  where  it  could  be  definitely  proved  that  the  system  meets 
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the  demands  of  the  central  station  or  can  successfully  compete 
with  the  modem  stoker,  either  in  efficiency  or  capacity  to  meet 
the  present  day  requirements. 

The  problem  of  the  manufacturer  who  has  a  steady  load  and 
a  comparatively  continuous  output  of  his  product  is  entirely 
different  from  that  of  the  central  station  operator  who  is  called 
upon  to  meet  almost  instantaneous  demands  for  steam  which  re- 
quire him  to  operate  his  boilers  at  from  100  to  400  per  cent  of 
rating. 

Whether  or  not  the  manufacturer  of  pulverized  fuel  equip- 
ment can  produce  apparatus  to  compete  with  the  various  types 
of  stokers,  which  are  now  meeting  these  demands  so  succesis- 
f  ully,  remains  to  be  proven. 

The  manufacturer  of  pulverized  coal  equipment  makes  claim 
to  the  following  advantages  over  hand-fired  furnaces  or  stoker- 
fired  furnaces: 

1.  Maintenance  of  high  thermal  efficiency  in  the  com- 

bustion chamber,  irrespective  of  the  ash  con- 
tents or  analysis  of  the  coal  or  the  rate  of  com- 
bustion within  very  wide  range. 

2.  The  furnace  construction  is  such  as  to  keep  high 

temperature  zones  away  from  refractory  brick- 
work, hence  insuring  maximum'  life  of  the  same. 

3.  Maximum  results   from  the  human  element.     The 

fireman  is  freed  from  slicing,  barring,  leveling, 
cleaning,  and  dumping  fires,  and  from  many 
other  duties  necessary  with  other  methods  of 
mechanical  stoking  and  burning  fuel  on  g^tes 
or  in  retorts;  freeing  him  from  arduous  work 
provides  time  for  closer  observation  and  record- 
ing of  boiler  operation. 

4.  Elimination  of  smoke,  dust,  gas  fumes,  and  firing 

tools  from  the  furnace  room. 

5.  Elimination  of   grates,  stoker  and  all  other  metal 

work  from  the  furnace. 

6.  Elimination  of  clinkers,  slag  and  combustible  in  the 

ash,  and  the  minimum  amount  of  ash  to  handle, 
due  to  the  fact  that  the  ash  is  carried  up  the 
stack  in  the  form  of  powder. 
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On  the  other  hand,  the  manufacturer  of  stokers  makes 
claim  to  the  folk>wing  advantages. 

1.  Less  cost  of  installation  per  boiler  horsepower. 

2.  Instantaneous   response  to  power  station  demands 

for  steam. 

3.  Low  cost  of  operating  stokers  against  the  high  cost 

of  the  auxiliary  equipment  in  connection  with 
pulverized   fuel. 

4.  No  space  required  for  pulverizers  or  driers. 

5.  Smokeless  combustion. 

6.  High  thermal  efficiency. 

One  of  the  prominent  manufacturers  of  pulverized  fuel 
equipment,  however,  has  announced  that  a  contract  was  recently 
dosed  for  Jheir  equipment  to  be  used  in  connection  with  two 
1200-hp.  boilers  which  will  soon  be  installed  in  a  new  modem 
central  station. 

Results  obtained  from  this  installation  will  be  carefully 
investigated  by  your  Committee  and  reported  upon  in  due  time. 
Until  some  data  on  the  operation  of  this  equipment  are  available, 
the  Committee  is  without  recommendation. 

RESUME  OF  THE  FUEL  OiL  SITUATION 

The  output  of  petroleum  from  the  major  fields  for  the  years 
1917  and  1918  is  shown  in  the  following  table  which  is  a  prelim- 
inary estimate  made  by  Mr.  John  D.  Northrup  of  the  U.  S. 
Geological  Survey,  Department  of  the  Interior,  January  10, 
1919. 

Quantities  of  Crude  Petroleum  Marketed  in  the  United  States 

Field                                                   1917  1918 

Barrels  Barrels 

Appalachian    24,932,205  25,300,000 

Lima-Indiana    3,670,293  3,100,000 

Illinois    15.776,860  13,300,000 

Oklahoma-Kansas  144,043,596  139,600,000 

Central  and  North  Texas 1(1,900,646  15,600,000 

North  Louisiana  8,561,963  13,000,000 

Gulf  Coast  24,342,879  21,700,000 

Rocky  Mountain   9,199,310  12,600,000 

California   93,877,549  101.300,000 

Alaska  and  Michigan 10,300  — 

Total    335,315,601         345,500,000 
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The  year  1917  held  the  high  record  for  production,  and  it 
will  be  seen  that  the  production  for  the  year  1918  is  an  apparent 
gain  of  3  per  cent  over  the  previous  year. 

This  increase  in  output  was  made  in  response  to  a  steadily 
growing  demand  for  petroleum  that  resulted  in  advancing  prices, 
which  were  finally  stabilized  with  government  approval  but  at 
record  levels  during  the  closing  months  of  1918. 

As  indicated  in  the  foregoing  table,  the  most  pronounced 
response  to  the  stimulus  of  war-time  demand  was  in  the  Central 
and  North  Texas,  the  North  Louisiana  and  the  California  fields. 
Momentous  developments  which  have  already  affected  and  will 
continue  to  affect  the  future  supply  of  high-g^de  petroleum  in 
this  country  took  place  during  1918  in  the  Central  and  North 
Texas  field  after  petroleum  had  been  discovered  the  previous 
year  in  Eastland,  Stephens^  Brown  and  Coleman  Counties.  In 
these  districts  about  60  oil  wells  were  drilled  during  1918,  and 
at  the  end  of  that  year  these  fields  were  credited  with  a  potential 
capacity  of  50,000  barrels  per  day,  although,  due  to  lack  of 
pipe  line  facilities,  an  actual  capacity  of  but  18,000  barrels  per 
day  was  attained.  The  campaign  of  drilling  radiating  from  these 
fields,  extending  over  more  than  40  counties  in  Texas,  will  na 
doubt  result  in  the  opening  of  other  high-g^de  pools  in  1919. 

The  production  of  domestic  petroleum  during  the  past 
year  amounted  to  about  366,000,000  barrels,  and  the  ex- 
ports of  crude  oil,  most  of  it  to  Canada  and  north- 
western Mexico,  aggregated  about  5,500,000  barrels,  leaving  a 
total  of  360,500,000  barrels  available  to  supply  domestic  needs. 
This  quantity  was  insufficient  and  about  36,500,000  barrels  were 
imported,  nearly  all  of  it  from  Mexico,  to  meet  the  domestic 
requirements,  which  amounted  in  all  to  about  397,000,000 
barrels. 

This  enormous  demand  was  due  to  many  causes,  many  of 
which  were  directly  or  indirectly  the  result  of  industrial  condi- 
tions brought  about  by  the  war.  The  immense  increase  in  rail- 
road traffic  had  its  influence  on  the  demand,  as  even  in  1917  the  . 
U  S.  Geological  Survey  estimates  that  there  were  used  almost 
46,000,000  barrels  of  oil  by  oil-burning  locomotives,  which  is  an 
increase  of  8yi  per  cent  over  the  quantity  used  in  1916.  The 
U.  S.  Shipping  Board  during  the  year  1918  used  large  quantities 
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of  oil  to  fuel  ships  and  will  use  more  oil  for  that  purpose  as 
evidenced  by  the  fact  that  it  has  stated,  as  late  as  March  16, 
1919,  that  it  may  require  as  much  as  34,000,000  barrels  to  fuel 
ships  during  the  coming  year.  The  Navy  also  used  enormous 
quantities  for  the  vessels  imder  its  control,  especially  when  this 
oil  had  to  be  transported  overseas  in  oil-burning  vessels  before 
it  could  be  used  by  war-vessels. 

The  gasoline  requirements  generally,  and  particularly  the 
requirements  of  the  Army  and  Navy  Aviation  Forces  and  the 
Army  Motor  Transport  Service,  contributed  not  a  little  to  this 
enormous  oil  consumption,  since  gasoline  is  a  refined  product  of 
petroleum.  The  speeding  up  of  munition  work  of  all  kinds  in 
manufacturing  plants  using  oil  for  power  and  heat  treating  pur- 
poses had  the  effect  of  an  increase  in  oil  consumption,  which  was 
further  increased  by  the  fact  that  many  manufacturing  plants 
substituted  oil  for  coa^  under  boilers  due  to  the  difficulty  en- 
countered in  obtaining  coal. 

These  factors  resulted  in  bringing  the  oil  consumption  for 
the  year  up  to  397,000,000  barrels  which,  with  a  production  for 
the  year  of  but  345,500,000  barrels,  resulted  in  a  depletion  in  the 
storage  at  the  end  of  the  year  of  over  50,000,000  barrels. 

During  the  present  period  of  transition  following  the  ces- 
sation of  hostilities  there  has  been  evidenced  a  slackening  demand 
for  oil  with  a  resulting  softening  of  prices.  With  industrial 
conditions  unsettled  as  they  are  at  this  time,  it  is  hard  to  tell 
definitely  what  conditions  will  obtain  in  the  oil  market  during 
the  coming  year,  but  there  probably  will  be  an  adequate  supply 
of  fuel  oil  and  at  prices  somewhat  lower  than  at  present. 

In  the  report  of  the  Prime  Movers  Committee  for  the  year 
1913,  under  Appendix  E  a  very  comprehensive  article  on  the 
subject  of  "Fuel  Oil  and  Its  Combustion"  was  presented  by 
Arthur  D.  Pratt. 

This  article  is  well  worth  the  study  of  anyone  who  is  inter- 
ested in  oil  firing  as  it  covers  in  detail  much  useful  information 
on  this  subject,  including  in  its  text  the  calorific  value  of  different 
grades  of  fucj  oil  available  in  this  country,  the  advantages  to  be 
obtained  from  oil  firing,  together  with  suggestions  for  getting 
the  best  economies  with  different  types  of  burners  and  furnaces. 
It  also  gives  tables  showing  the  relative  value  of  coal  and  oil  fuel. 
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Burning  Lignite 

Interest  in  the  possible  use  of  the  large  deposits  of  the 
younger,  low-grade  fuels  of  the  west  was  stimulated  by  the 
unusual  conditions  brought  about  by  the  war,  and  some  progress 
can  be  reported  in  the  art  of  burning  them  in  boiler  furnaces. 
This  is  especially  true  in  the  case  of  lignites,  with  which  less  had 
been  done  than  with  the  sub-bituminous  coals. 

Although  these  two  types  of  fuel  have  many  common  char- 
acteristics and  present  somewhat  similar  combustion  problems, 
the  higher  moisture  content  and  lower  heat  values  of  the  lignites 
make  it  advisable  to  differentiate  between  them.  The  following 
analyses  are  fairly  typical  and  illustrate  the  differences  men- 
tioned. 

Sub- Bituminous  Coal  Lignite  Coal 

from  Boulder  from  Wood 

County.  Colo.  County,  Tex. 

Moisture 18.68%  33.71% 

Volatile  Matter 34.88  29.25 

Fixed  Carbon 40.45  29.76 

Ash  5.99  7.28 

Sulphur  0.55  0.53 

B.tu.  per  lb 10,143  7,348 

Storage 

The  problem  of  storage  is  so  closely  related  to  the  use  of 
these  fuels  on  any  considerable  scale,  and  especially  in  large 
central  stations,  that  it  is  regrettable  that  so  little  data  on  the 
subject  is  available.  It  is  generally  accepted  that  either  lignites 
or  sub-bituminous  coals,  when  stored  in  open  piles  of  large  size 
or  depth,  will  fire  spontaneously  within  a  period  of,  perhaps  six 
months. 

Bureau  of  Mines  (U.  S.)  Bulletin  No.  136,  reports  on 
experiments  conducted  several  years  ago  with  Sheridan  (Wyo.) 
sub-bituminous  coal  stored  in  wooden  bins.  Cracks  between  the 
boards  permitted  access  of  air,  which  evidently  penetrated  the 
mass  of  stored  fuel.  The  report  has  more  to  do  with  deteriora- 
tion than  with  heating.  In  nine  months,  loss  of  heating  value 
occurred  to  the  extent  of  2^  to  4  per  cent.  Slacking  also  took 
place  and  apparently  in  proportion  to  the  extent  the  air  per- 
meated the  mass.  No  evidences  of  heating  were  noted  in  these 
experiments,  but  another  Wyoming  sub-bituminous  coal  stored 
under  similar  conditions  is  known  to  have  set  the  side^  of  thQ 
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bin  afire.  No  data  are  available  as  to  what  these  fuels  would 
do  in  a  bin  with  tight  sides  and  bottom. 

At  the  plant  of  the  Fort  Worth  (Tex.)  Power  &  Light 
Company  run-of-mine  Texas  lignite  was  stored  in  an  open  pile 
and  in  a  bin  having  practically  air  tight  sides  and  bottom.  The 
open  pile  contained  about  75  tons,  had  a  maximum  depth  of  12 
feet,  was  square  in  shape  and  had  the  sides  boarded  up  to  a 
height  of  3  feet.  This  fuel  was  in  storage  about  four  months  in 
the  summer  of  1918,  at  the  end  of  which  time  the  pile  was  acci- 
dentally set  afire  by  external  causes  and  the  test  was  discon- 
tinued. Ehiring  the  four  months  frequent  temperature  measure- 
ments throughout  the  pile  failed  to  show  any  serious  heating. 

The  bin  used  for  the  other  experiment  was  10  by  10  feet 
inside  and  12  feet  deep,  and  this  was  filled  in  May,  1918,  with 
run-of-mine  lignite  from  the  same  source.  In  this  case  the  air- 
slacking  of  the  top  surface  of  the  fuel  in  the  bin  was  depended 
on  to  restrict  the  access  of  air  to  the  fuel  farther  dowrt,  and 
thus  to  control  the  spontaneous  heating.  Temperatures  began 
to  develop  in  this  bin  in  about  a  week,  reaching  a  maximum  of 
180  deg.  fahr.  within  a  month.  This  maximum  was  maintained 
for  some  weeks,  but  later  dropped  to  about  75  deg.  Examination 
of  the  fuel  after  six  months  storage  showed  that  very  little  dis- 
integration or  slacking  had  taken  place  except  in  the  upper  18 
inches  of  the  bin,  and  a  sample  taken  3  feet  below  the  top  surface 
and  across  the  bin  showed  practically  the  same  analysis  and 
heating  value  as  when  stored. 

Combustion  in  Hand-Fired  Plants 

Hand-fired  plants  depending  upon  sub-bituminous  or  lig- 
nite coals  for  their  fuel  supply  are  usually  small  and,  so  far  as 
the  Committee  knows,  little  real  study  has  been  given  to  the 
problem  of  burning  such  coals  under  these  conditions.  Both 
typts  of  fuel  disintegrate  rapidly  under  the  action  of  heat  in  the 
furnace  and  have  the  characteristic  of  easy  and  rapid  distilla- 
tion of  the  volatile  matter.  The  problems  of  hand-firing  are, 
therefore,  the  prevention  of  excessive  sifting  of  partially-burned 
fuel  into  the  ash  pit,  and  the  improvement  of  furnace  design  and 
methods  of  operation  so  as  to  secure  complete  combustion  of  the 
.volatile  matter. 
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Grates  of  the  herring-bone  or  pinhole  type,  having  small 
sized  openings  and  rather  low  percentages  of  air  space  arc 
usually  required  to  overcome  sifting  difficulties.  Ordinarily 
the  stack  draft  available  in  these  small  plants  is  inadequate,  and 
higher  stacks  or  forced  draft  equipment  should  be  supplied. 

Relatively  large  furnace  and  combustion  chamber  volumes 
and  the  proper  admission  of  supplementary  air  over  the  fire 
are  necessary  for  preventing  incomplete  combustion  losses. 
Especially  for  natural  draft  conditions,  relatively  large  grate 
areas  are  necessary  for  generous  ratings,  on  account  of  the  low 
thermal  value  of  the  fuel. 

At  the  Williston  (N.  Dak.)  plant  of  the  U.  S.  Reclamation 
Service  a  sort  of  gas-producer  type  of  furnace  is  in  operation 
with  lignite  as  fuel.  Under  test  conditions  this  installation 
showed  combined  boiler  and  furnace  efficiencies  ranging  from  50 
to  60  per  cent,  and  practically  the  same  range  of  efficiencies  was 
obtained  with  similar  lignites  under  what  might  be  termed  stand- 
ard hand-fired  test,  conditions  at  the  Grovemment  fuel  testing 
plant  at  St.  Louis. 

Combustion  in  Mechanically-Stoked  Plants 

The  greater  part  of  the  tests  conducted  with  these  fuels  on 
all  types  of  stokers  was  made  in  furnaces  designed  primarily 
for  other  fuels.  This  should  be  kept  in  mind  more  especially 
with  regard  to  the  results  with  lignites,  because  their  high  mois- 
ture content  complicates  the  difficulties  of  ignition. 

It  is  also  important  to  remember  that  the  B.t.u.  values  usu- 
ally quoted  for  these  fuels  are  the  so-called  "high"  values  and 
include  the  latent  heat  of  vaporization  of  the  moisture  content 
of  the  coals.  If  deduction  be  made  for  the  heat  required  to 
bring  this  moisture  to  the  boiling  point,  evaporate  it,  and  super- 
heat to  550  d^.  fahr.  (temperature  of  products  of  combustion 
leaving  the  boiler)  the  values  for  sub-bituminous  coal  would  be 
approximately  2yi  per  cent  lower,  and  for  lignites  nearly  6  per 
cent  lower. 

Attempts  have  been  made  to  burn  these  two  kinds  of  fuel 
on  mechanical  stokers  of  the  front  or  side  over-feed  type  designed 
primarily  for  bituminous  coals.  So  far  as  is  known  these  at- 
tempts have  been  uniformly  unsuccessful,  and  a  change  of  the 
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angle  of  the  stoker  grate  surface,  as  well  as  a  redesign  of  the 
grate,  would  probably  be  necessary  before  the  present  difficul- 
ties from  avalanching  and  sifting  would  be  overcome. 

In  stating  what  progress  has  been  made  in  burning  these 
fuels,  stokers  may  be  grouped  into  two  classes :  ( 1 )  those  em- 
ploying natural  draft,  and  (2)  those  with  forced  draft  equipment. 

Natural  Draft  Stokers 

Practically  the  only  natural  draft  stoker  that  has  been  used 
much  with  sub-bitimiinous  and  lignite  coals  is  the  chain  g^te. 
The  former  of  these  fuels  is  fairly  well  suited  to  chain  grate 
operation,  and  rates  of  combustion  of  almost  40  lbs.  per  sq.  ft. 
of  grate  surface  per  hour  are  reported  by  the  Green  Engineering 
Company.  Excellent  boiler  and  furnace  efficiencies  are  quoted  by 
the  same  Company  under  test  conditions  but  no  heat  balances  on 
these  tests  are  available,  nor  is  any  information  at  hand  as  to 
the  furnace  design  for  these  installations. 

Rates  of  combustion  of  30,  or  possibly  35  lb.  per  sq.  ft.  per 
hr.  of  grate  surface  have  been  considered  about  the  maximum 
obtainable  with  lignites  on  chain  grates  under  natural  di^ft  con- 
ditions. In  recent  experiments  at  Fort  Worth  (Texas),  how- 
ever, more  than  60  lb.  per  sq.  ft.  was  attained.  In  this  case  an 
ignition  arch  3  ft.  0  in.  above  the  grate  at  the  front,  3  ft.  9 
in.  at  the  rear,  and  8  ft.  9  in.  long  was  employed.  The  opening  ^be- 
tween the  bridgewall  and  the  end  of  the  arch  was  2  ft.  9  in.  and 
the  header  height  was  9  feet  0  in.  above  the  floor  line.  Evapo- 
ration test  results  are  not  yet  available  on  this  installation,  but 
a  refuse  low  in  combustible  is  reported  under  the  above  rates  of 
combustion.  Combined  efficiencies  of  about  67  per  cent  with 
Texas  lignite  are  reported  by  the  Green  Company  for  tests  run 
several  years  ago. 

The  temperatures  developed  in  chain  grate  furnaces  with 
these  fuels  under  natural  draft  conditions  are  not  high,  and  in  the 
case  of  lignites  are  probably  not  over  2200  deg.  fahr.  even  under 
the  high  rates  of  combustion  mentioned.  This  would  seem  to 
warrant  the  expectation  that  no  difficulty  would  be  encountered 
with  side  wall  clinkers,  and  the  limited  experience  with  lignites 
bears  this  out.  It  is  possible  that  a  reversed  arch  (extending 
from  the  bridgewall  towards  the  feed  gate)  will  produce  more 
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reliable  ignition  and  better  combustion  conditions,  and,  if  prop- 
erly ventilated,  such  an  arch  may  prove  satisfactory  from  a  main- 
tenance standpoint. 

With  this  type  of  stoker,  provision  must  be  made  to  restrict 
the  admission  of  the  excess  air  that  would  naturally  enter  at 
the  rear  of  the  chain  and  between  chain  and  bridgewall. 

Forced  Draft  Stokers 

At  the  present  time  experience  with  forced  draft  stokers  is 
limited  largely  to  the  inclined  retort  underfeed  design,  and  more 
results  are  available  for  sub-bituminous  coals  than  for  lignites. 
The  consensus  of  opinion  of  stoker  manufacturers  appears  to  be 
that  lignite  burning  presents  greater  diQiculties  than  sub-bitu- 
minous coals,  and  that  better  results  are  to  be  expected  with  the 
latter  fuels. 

The  Sanford  Riley  Stoker  Company  states  that  the  com- 
bined efficiencies  obtainable  will  be  lower  than  for  eastern  high 
grade  bituminous  coals,  the  reduction  amounting  to  J/^  to  1J4 
per  cent  for  each  1000  B.t.u.  difference  in  heating  value  as  com- 
pared with  the  eastern  coals.  This  figure  seems  to  be  fairly 
well  borne  out  by  recent  tests  with  lignite. 

What  information  is  available  tends  to  show  that,  as  with 
the  natural  draft  stokers,  the  furnace  temperatures  developed 
with  both  t)rpes  of  fuels  are  relatively  low.  In  the  case  of  the 
lignites  the  maximum  is  about  2300  deg.  fahr.  In  general, 
clinker  troubles  are  not  serious.  Most  of  the  fuels  of  these  two 
t)rpes  are  relatively  low  in  ash  so  that  the  quantity  of  refuse  is 
not  great.  Such  clinkers  as  are  formed  are  usually  of  light 
weight  and  easily  broken  when  hot  or  cold.  With  the  underfeed 
type  of  stoker  and  at  the  higher  rates  of  combustion,  in  some 
cases  clinkers  are  formed  in  the  shape  of  a  saddle  over  the  tuyere 
boxes.  Owing  to  the  disintegrated  condition  of  such  fuels  in  the 
furnace,  it  is  sometimes  necessary  to  employ  firing  tools  to 
assist  the  stoker  motion  in  removing  these  clinkers  from  the  fuel 
bed.  On  account  of  the  low  temperatures  developed,  the  life 
of  furnace  linings  is  usually  satisfactory. 

The  Combustion  Engineering  Corporation  reports  tests  of 
a  Coxe  traveling  grate  stoker  of  107  sq.  ft.  grate  surface,  set 
under  a  4640  sq.  ft.  Stirling  boiler,  showing  a  combined  effi' 
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ciency  of  72  per  cent  at  160  per  cent  of  boiler  rating,  with  Sheri- 
dan (Wyo.)  sub-bituminous  coal;  but  no  data  are  at  hand  for 
checking  this  test.  A  stoker  of  this  same  type  is  installed  for 
tests  with  lignite  at  Fort  Worth  (Tex.)  but  no  results  are  yet 
available. 

A  test  of  Colorado  sub-bituminous  coal  in  a  Taylor  stoker 
at  the  Cedar  Rapids  plant  of  the  Iowa  Railway  and  Light  Com- 
pany was  made  in  1915,  showing  61  per  cent  combined  efficiency. 
As  a  result  of  more  recent  experiences,  the  American  Engineer- 
ing Company  states  that  with  fuels  of  this  nature  efficiencies 
somewhat  above  70  per  cent  are  obtainable,  and  similar  figures 
are  quoted  by  the  Westinghouse  Electric  &  Manufacturing  Com- 
pany and  the  Sanford-Riley  Stoker  Company.  All  of  these  manu- 
facturers state  that  even  for  high  rates  of  combustion  ignition 
arches  are  not  required  with  sub-bituminous  coals,  and  that  maxi- 
mum capacities  of  250  per  cent  of  boiler  rating  may  be  relied 
upon.  These  coals  are  also  well  suited  to  quick  steaming  de- 
mands. 

Opinion  among  the  stoker  manufacturers  apparently  dif- 
fers as  to  the  need  for  an  ignition  arch  for  burning  lignites  in 
underfeed  stokers.  The  stoker  recently  installed  at  Fort  Worth 
by  the  American  Engineering  Company  is  set  with  an  arch  4  ft. 
3  in.  long  placed  about  3  ft.  0  in.  above  the  stoker.  This  furnace 
was  designed  for  burning  lignite  of  33  per  cent  moisture  con- 
tent. On  the  other  hand,  the  Sanford-Riley  Company  reports 
experience  in  burning  lignite  having  up  to  28  per  cent  moisture 
and  does  not  consider  an  arch  to  be  necessary.  Maximum  capaci- 
ties of  approximately  250  per  cent  of  boiler  rating  are  reported 
by  both  of  these  companies  with  lignites.  Tests  at  the  Fort 
Worth  Power  and  Light  Company  have  shown  about  69  per  cent 
combined  efficiency  at  boiler  rating  and  60  per  cent  at  200  per 
cent  of  rating. 

Wind-box  air  pressures  employed  for  both  types  of  these 
fuels  with  underfeed  stokers  are  considerably  less  t}ian  for 
bituminous  coals,  and  range  from  ^  in.  at  rating  to  approxi- 
mately 2  in.  as  a  maximum.  Higher  pressures  tend  to  blow 
holes  in  the  fuel  bed  and  to  throw  excessive  amounts  of  par- 
tially burned  fuel  on  the  dump  plates.  In  order  to  minimize  the 
latter  difficulty,  the  port  area  in  the  tuyere  plates  should  be 
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divided  into  a  number  of  small  distributed  openings.    Large  ports 
directed  towards  the  bridgewall  are  to  be  especially  avoided. 

Conclusions 

There  is  still  much  to  be  learned  about  the  burning  of  both 
lignites  and  sub-bituminous  coals  in  the  raw  state.  This  is  espe- 
cially true  of  lignites.  There  appears  to  be  no  reason  why  the 
better  grade  sub-bituminous  coals,  such  as  those  from  Colorado 
and  Wyoming,  should  not  be  used  successfully  in  many  locali- 
ties, providing  satisfactory  ways  can  be  found  for  storing  them. 

Because  of  the  higher  moisture  content  and  lower  B.t.u. 
values  of  the  lignites  and  the  lower  boiler  efficiencies  obtainable 
with  them,  it  is  more  probable  that  in  the  future  they  will  be 
burned  in  some  modified  form,  viz.,  dried,  pulverized,  or  car- 
bonized, except  within  certain  limited  areas  where  transportation 
costs  are  low. 

Storage  of  either  of  these  types  of  fuel  without  danger  of 
spontaneous  combustion  seems  to  be  a  possibility  after  further 
study  of  the  problem. 
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Coal  By-Products 
The  subject  of  the  extraction  of  by-products  from  coal  be- 
fore buminfr  under  boilers  has  been  discussed  during  the  past 
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year  to  a  considerable  extent  abroad,  particularly  in  England, 
but  not  to  any  great  extent  in  this  country.  Probably  the  reason 
for  the  amount  of  discussion  in  England  was  due  to  the  fact 
that  England  during  the  war — particularly  at  its  start — was  very 
short  of  toluol  and  benzol,  by-products  which  are  necessary  in- 
gredients in  the  manufacture  of  munitions.  Toluol  and  benzol 
are  by-products  which  are  not  recoverable  when  coal  is  burned 
directly  imder  boilers,  but  they  are  recoverable  from  the  various 
processes  of  carbonizing  coal.  It  is  but  natural,  therefore,  that 
when  the  shortage  of  these  materials  was  acute,  there  should  be 
much  discussion  and  many  schemes  advanced  whereby  they 
could  be  conserved. 

In  this  country  coke  was  originally  produced  in  **bee-hive" 
ovens  located  in  fairly  close  proximity  to  the  coal  mines  and  to  a 
large  extent  is  so  produced  today.  In  this  process  all  of  the 
gas  and  by-products  contained  in  the  original  coal  are  lost,  but 
the  process,  though  wasteful,  has  the  advantage  of  very  low  in- 
vestment cost  and  low  operating  charges.  As  a  result  of  the 
wastefulness  in  the  "bee-hive"  oven  manufacture  of  coke,  there 
has  been  developed  the  By-product  Coke  Oven  in  which  are  re- 
covered the  by-products  lost  in  the  "bee-hive"  ovens. 

The  by-product  coke  oven  industry  has  made  great  strides 
during  the  past  few  years  and  no  doubt  will  continue  to  make 
increasingly  greater  strides  in  the  future.  The  first  cost  of  such 
plants,  however,  is  very  high,  and  in  order  that  the  plant  may 
be  operated  at  a  profit  there  must  be  a  market,  not  only  for  the 
coke  produced,  but  also  a  nearby  market  for  the  gas  generated 
and  for  the  other  by-products  such  as  ammonia,  tar  and  light 
oils. 

In  the  blast  furnaces  of  the  steel  industry  coke  is  the  only 
form  in  which  carbon  can  be  used  successfully,  and  therefore  in 
that  industry  a  ready  market  is  found  for  the  coke.  Coke  is 
not  used,  however,  under  the  boilers  irj  that  industry,  or  in  fact 
in  any  other  industry,  because  it  immediately  comes  into  eco- 
nomic competition  with  and  loses  to  both  anthracite  and  bitu- 
minous coals.  Coke,  moreover,  because  of  its  comparative  light 
weight  per  cubic  foot  would  require  larger  boiler  grate  area  per 
unit  of  power  than  coal  and  also  larger  storage  space  than  coal, 
and  existing  boiler  designs  would  have  to  be  further  modified 
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because  of  the  fact  that  coke  contains  practically  no  volatile 
matter. 

There  are  certain  grades  of  coal  so  poor  that  it  is  difficult 
to  J)um  them  successfully  under  boilers,  but  these  fuels  may  be 
used  in  such  systems  as  the  Mond  process,  which  is  a  producer 
gas  process  with  a  partial  recovery  of  by-products.  This  pro- 
ducer gas  in  turn  may  be  used  as  a  fuel  to  replace  coal  fired 
under  boilers.  However,  when  the  efficiencies  of  the  gas  pro- 
ducer plant  and  the  steam  boiler  are  combined,  the  resulting  effi- 
ciency is  lower  than  average  boiler  efficiencies.  It  may  thus  be 
seen  that  where  these  poorer  grades  of  coal  can  be  burned  direct- 
ly under  the  boilers  it  is  economically  wrong  to  use  such  coal  to 
make  producer  gas  to  be  used  solely  as  boiler  fuel. 

In  conclusion  it  may  be  said  that  today  there  is  a  well-estab- 
lished industry,  the  by-product  coke  oven  industry,  wherein  there 
is  produced  a  solid  fuel  containing  a  high  percentage  of  carbon 
together  with  a  marketable  gas  and  other  marketable  by-pro- 
ducts, but  the  coke  produced  cannot  now  compete  economically 
for  steam-raising  purposes  with  either  anthracite  or  bituminous 
coal  and,  moreover,  the  coke  will  not  be  able  to  compete  economi- 
cally with  coal  for  steam-generating  purposes  until  its  selling 
price  is  reduced,  which  can  be  accomplished  only  by  a  higher 
price  for  the  by-products  obtained. 

Higher  Steam  Pressures 

The  reports  of  the  Prime  Movers  Committee  presented  at 
the  Conventions  held  in  1916  and  1917  gave  a  brief,  compre- 
hensive outline  of  the  possible  economies  to  be  obtained  by  going 
to  the  so-called  higher  steam  pressures,  the  principal  difficulties 
to  be  encountered  and  a  statement  on  this  subject  from  some 
of  the  leading  manufacturers  of  boilers  and  turbines.  Since 
then,  little  actual  progress  has  been  made,  chiefly  because  the 
thoughts  and  energy  of  every  one  have  been  devoted  toward 
winning  the  war. 

The  project  is  by  no  means  dead  and,  during  the  interval, 
the  Buffalo  General  Electric  Company  has  placed  in  service  a 
plant  designed  to  be  operated  at  275  lb.  boiler  pressure  and  275 
deg.  superheat,  giving  a  total  temperature  of  689  deg.  fahr. 
The  Public  Service  Company  of  Northern  Illinois  has  installed 
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and  is  operating  a  plant  with  a  boiler  pressure  of  315  lbs.,  and 
225  deg.  superheat,  giving  a  total  temperature  of  651  deg.  fahr., 
and  the  British  Thomson-Houston  Company  has  had  in  opera- 
tion in  its  works  at  Rugby,  Eng.,  a  small  boiler  plant  operated  at 
about  350  lbs.  pressure  and  with  such  superheat  that  the  total 
temperature  ranges  from  700  deg.  fahr.  to  750  deg.  fahr.  at 
the  boiler. 

While  minor  troubles  have  been  encountered  at  all  of  these 
installations,  such  as  might  be  anticipated  when  the  pressure 
and  temperature  of  the  steam  system  are  increased,  your  Com- 
mittee is  advised  that  in  each  instance  the  installation  is  consid- 
ered generally  satisfactory 

There  have  been  practically  no  troubles  with  the  boilers  or 
turbines,  due  to  the  changed  steam  conditions.  Flanged  joints 
in  the  steam  piping  lines  and  under  the  bonnets  in  the  gate  valves 
proved  more  troublesome  to  install  and  maintain.  The  small 
valves,  gage  cocks  and  like  apparatus,  which  usually  are  more 
troublesome  to  maintain  than  the  larger  apparatus  have  required 
much  more  attention.  Minute  blowholes  in  valve  bodies,  fittings, 
etc.,  which  would  not  be  expected  to  give  trouble  on  lower  pres- 
sures, have  shown  troublesome  leaks  on  the  higher  pressure. 
These  are  all  things  which  should  be  expected  and  are  usually 
cured  as  soon  as  there  is  sufficient  demand  on  the  manufacturers 
to  justify  the  developing  of  apparatus  for  the  new  conditions. 

These  installations,  however,  are  but  a  step  in  the  direction 
that  it  is  possible  to  go,  and  in  analyzing  theSe  possibilities,  it  is 
first  necessary  to  see  what  are  the  limits  and  then  the  possibilities 
of  approaching  these  limits.  The  first  limit  is  undoubtedly  the 
boiler.  The  Babcock  &  Wilcox  Company  advises  your  Commit- 
tee that  the  statement  submitted  by  the  Company  in  the  1916 
report  covers  the  situation  today  and  that  it  has  nothing  further 
to  add  at  this  time.  The  Company  states  that  the  intervening  war 
period  has  very  much  interfered  with  its  experimental  work,  and 
although  these  experiments  have  been  continued  they  necessarily 
have  been  made  under  very  adverse  conditions  and  nothing  fur- 
ther can  be  added  at  this  time  on  the  possibility  of  building  boilers 
for  pressures  higher  than  300  to  350  lbs. 

While  it  may  be  possible  to  increase  the  boiler  pressure  to 
almost  any  desired  point  by  changing  design,  there  is  today  a 
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very  definite  limit  to  the  maximum  temperature  which  it  is  safe 
to  use.  That  is  fixed  by  the  steels  now  in  commercial  use,  and 
appears  to  be  between  600  deg.  fahr.  and  700  deg.  fahr.    This  is 
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Fig.  52 

well  brought  out  by  the  curves  shown  in  Fig.  32  and  by  the  fol- 
lowing statement  made  by  Mr.  Charles  L.  Huston,  Vice-Presi- 
dent and  Works  Manager  of  the  Lukens  Steel  Company: 

While  we  do  not  have  records  to  indicate  the  service  qualities  of 
steel  at  temperatures  higher  than  those  at  present  in  use,  I  believe  I  could 
say  with  a  good  deal  of  confidence  that  the  use  of  soft  carbon  steel,  say 
of  50,000  lbs.  to  60,000  lbs.  tensile  strength,  would  be  thoroughly  safe  up 
to  temperatures  of  say,  600  deg.  fahr.  or  safely  under  the  critical  tem- 
perature of  steel,  which  varies  very  little  between  soft  and  medium  hard 
steels. 

I  do  not  believe  that  the  use  of  higher  tensile  strengrth  steel  in  standard 
carbon  steels  would  be  desirable,  for  the  reason  that  as  the  critical  point 
in  steel,  say  about  700  deg.  to  800  deg.  fahr.,  is  approached,  the  metal 
becomes  less  ductile  and  would  be  more  likely  to  crack. 

I  enclose  a  copy  of  the  Journal  of  the  Franklin  Institute  dated  Febru- 
ary, 1878,  containing  the  results  of  experiments  which  my  honored  father 
made  a  number  of  years  ago,  and  in  which  as  a  young  fellow  just  begin- 
ning in  the  steel  business,  I  participated,  so  that  I  not  only  have  the 
records  but  the  mental  photographs  of  the  different  samples  of  steel  and 
the  way  they  looked  when  freshly  fractured  at  these  different  tempera- 
tures. 

In  the  above  statement  I  am  expressing  my  opinion  simply  in  regard 
to  standard  carbon  steels  and  not  touching  upon  alloy  steels,  the  behavior 
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of  which  at  these  high  temperatures  I  am  not  familiar  with,  nor  do  I 
know  of  any  experiments  of  similar  character  that  have  been  made  of 
recent  years  on  such  steels. 

From  the  fact,  however,  that  these  old  experiments  showed  very 
similar  characteristics  with  chrome  steel  as  compared  with  carbon  steel, 
I  have  been  led  to  infer  that  the  same  conclusions  might  be  applied  gen- 
erally to  all  classes  of  steel,  viz.,  that  when  you  get  up  into  higher  tem- 
peratures it  is  desirable  to  keep  soft,  ductile  material. 

Many  people,  as  you  know,  regard  a  piece  of  steel  as  an  absolutely 
homogeneous  mass  of  metal,  whereas  all  steels  consist  of  a  mixture  of 
ferrite  crystals  with  various  metalloids,  usually  carbide  of  iron,  phosphide 
of  iron  and  sulphide  of  iron,  interlarded  between  the  ferrite  crystals,  the 
ferrite  having  the  highest  melting  point  in  the  combination  and  the  dif- 
ferent metalloids  requiring  different  degrees  of  temperature  to  fuse 
them.  The  greater  the  variety  of  metalloids  introduced  into  the  steel, 
the  greater  is  the  need  of  ascertaining  the  fusing  point  of  these  different 
metalloids,  for  the  reason  that  when  the  steel  is  heated  to  a  temperature 
where  the  weakest  metalloid  is  either  fused  or  its  structure  broken  down 
by  the  heat,  the  strength  or  ductility  of  the  whole  mass  is  more  or  less 
impaired. 

Therefore,  I  should  be  inclined  to  think  that  unless  very  elaborate  ex- 
periments have  been  made  and  service  tests  obtained  from  any  theoretical 
alloy  steel  that  might  be  thought  advantageous  to  use,  it  would  be  safer 
in  the  meantime  to  stick  to  soft  steel  of  straight  carbon  quality,  which 
carries  the  largest  proportion  of  pure  ferrite  in  its  make-up. 

The  attitude  of  the  Allis-Chalmers  Company  on  the  turbine 
end  IS  clearly  explained  in  the  following  quotation  from  its  letter : 

We  would  advise  that  our  standard  high  pressure  condensing  steam 
turbine  apparatus  is  designed  for  working  steam  pressure  as  high  as  200 
lb.  gauge  for  the  smaller  machines  and  250  lb.  gauge  for  the  larger  ones. 
Therefore,  for  pressures  of  300  lb.  gauge  and  above  some  special  develop- 
ment would  be  involved  in  each  case.  We  find  that  our  standard  line 
of  apparatus  is  suitable  for  practically  all  of  the  inquiries  we  receive, 
and  as  pressures  above  250  lb.  gauge  would  apply  entirely  to  the  larger 
units,  the  development  to  meet  such  pressures  would  not  be  excessive, 
as  it  is  our  practice  to  blade  the  larger  machines  for  as  near  to  actual 
operating  conditions  as  our  manufacturing  standards  will  permit. 

For  temperatures  above  about  500  deg.  fahr.  we  use  a  partial  cast 
steel  cylinder  construction  which  we  feel  is  suitable  for  maximum  tem- 
peratures up  to  about  650  deg.  fahr.,  above  which  temperature  we  have 
not  attempted  to  go  so  far. 

We  do  not  find  much  tendency  in  this  country  to  go  above  the  normal 
operating  temperature  of  about  600  deg.  fahr.,  except  in  very  extreme 
cases  for  large  units  and,  with  this  temperature,  steam  pressures  of  300 
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lb.  gauge  or  350  lb.  gauge  do  not  offer  any  difficulties  or  involve  any 
considerable   special   development   expenses. 

The  General  Electric  Company  makes  the  following  state- 
ment: 

Turbines  suitable  for  higher  pressures  can  without  question  be  pro- 
duced without  involving  us  in  any  complications  by  the  time  that  boilers 
can  be  furnished  for  said  pressure.  It  would  appear  that  this  matter  is 
essentially  a  boiler  problem.  We  can  supply  the  turbines  for  you,  if  you 
can  obtain  the  boilers. 

A  full  discussion  of  the  possibilities  appeared  in  the  paper  by  Eskil 
Berg  on  Advantages  of  Higher  Pressure  and  Superheat  as  Affecting 
Steam  Plant  Efficiency,  which  was  published  in  the  General  Electric 
Review  of  March,  1918. 

The  position  of  the  Westinghouse  Electric  &  Manufacturing 
Company  is  very  clearly  stated  in  the  following  quotations  from 
its  letters: 

We  look  with  favor  upon  the  gradual  upward  tendency  in  steam 
pressures,  but  with  moderation  on  the  total  temperature.  In  other  words, 
speaking  from  the  standpoint  of  the  turbine  alone,  if  the  central  station 
were  ready  with  its  piping  and  fittings  and  with  its  operating  knowledge 
to  use  pressures  of  300  lb.  and  above,  we  would  say  that  we  were  ready 
with  the  turbine,  and  we  would  approve  of  the  step  being  taken.  With 
our  present  knowledge  of  power  plant  efficiencies,  it  seems  as  though  any 
future  material  improvement  must  lie  in  that  direction.  We  think  your 
Committee  can  very  well  assume  that  the  turbine  is  not  or  should  not  be 
one  of  your  problems.  We  think  perhaps  that  the  practice  will  have  to 
start  with  the  large  central  stations.  It  will  be  a  manufacturing  handicap 
if  we  have  to  build  both  high  pressure  and  moderate  pressure  machines. 
However,  between  the  operators  and  the  manufacturers  it  should  always 
be  possible  to  find  feasible  methods  of  doing  anything  that  is  sound  and 
economically  desirable.  .   ,   . 

We  wish  to  state  that  the  effect  of  the  higher  steam  pressure  is  to 
add  very  materially  to  the  cycle.  The  efficiency  of  the  turbine  will  be- 
come less  because  of  the  smaller  volume  and  greater  density  of  the 
steam  at  the  high  pressure  end,  and  because  of  the  greater  quantity  of 
moisture  at  the  exhaust  end.  We  would  expect,  in  practice,  a  gain  of 
steam  consumption  approximating  that  shown  in  curves  Fig.  33  and 
Fig.  34,  which  were  carefully  worked  up  some  time  ago  in  the  case  of  a 
60,000  kw.  turbine. 

To  date  no  turbines  have  been  built  adaptable  for  pressures  beyond 
300  lb.    Some  few  are  being  built  by  this  company  for  this  pressure. 

For  pressures  higher  than  300  lb.  newly  designed  turbines  will  be 
required.     There  will  not  necessarily  be  any  change  in  type,  but  merely 
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additional  elements  to  handle  economically  the  added  pressure  range.  Of 
course,  steam  chests  and  controlling  valves  represent  some  difficulties  in 
design,  but  these  seem  to  be  by  no  means  insurmountable.  In  this  con- 
nection it  should  be  noted  that  the  valves  will  not  be  materially  less  in 
size  because  of  the  smaller  volume  of  the  steam.     If  the  steam  velocity 
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Fig.  33— Operating  Characteristics  of  Turbine  with 
Higher  Steam  Pressures 

in  the  valves  and  piping  were  made  inversely  proportional  to  the  density, 
the  valves  and  piping  would  remain  the  same  size. 

We  think  the  question  as  to  what  extent  this  company  is  prepared  to 
go  in  furnishing  turbines  built  for  steam  pressures  higher  than  300  lb. 
is  as  much  a  commercial  consideration  as  one  of  engineering,  considering 
the  development  costs  involved.  There  is  no  doubt  that  turbines  can  be 
built  for  these  higher  pressures,  and  there  will  be  gains  in  economy  due 
to  this,  such  as  above  outlined.    I  would  say  that  if  we  attempt  to  design 
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Fic.  34 — ^Water  Rate  of  Turbine  with 
Higher  Steam  Pressures 


turbines  for  these  higher  pressures  we  would  prefer  this  to  be  brought 
about  by  an  increase  of  pressure  without  material  increase  of  tempera- 
ture; that  is  to  say,  we  would  prefer  a  reduction  in  the  superheat;  for 
instance,  500  lb.  pressure  with  a  superheat  that  would  give  a  total  tem- 
perature not  to  exceed  650  deg.,  that  is  about  170  deg.  superheat. 

Apparently  the  manufacturers  of  steam  turbines  favor  the 
movement  toward  higher  pressures  and  are  prepared  to  meet  it, 
while  manufacturers  of  boilers  require  time  for  further  investiga- 
tion and  development  work  before  they  go  much  above  the  exist- 
ing limit,  which  is  arotmd  350  lbs.  The  economizer  situation  is 
less  satisfactory;  the  limit  of  pressure  appears  to  have  been 
reached  with  the  standaM  cast  iron  economizer  now  in  use.  To 
go  beyond  this  point  would  require  either  an  entirely  new  type 
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of  economizer,  or  an  installation  of  the  present  type  operated 
at  a  pressure  much  below  that  of  the  boiler,  which  would  require 
running  boiler  feed  pumps  in  series. 

Little  attention  appears  to  have  been  given  to  adapting  to 
higher  steam  pressures  the  various  steam  auxiliaries  required  in 
the  installation.  While  these  units  are  comparatively  small  in 
size,  they  are  numerous  and  require  proportionately  more  atten- 
tion from  the  operating  force  than  the  larger  units.  It  is  just 
as  important  to  avoid  trouble  with  them  as  it  is  with  the  main 
prime  mover.  Your  Committee  is  also  unable  to  learn  that 
manufacturers  of  valves,  fittings  and  other  steam  appurtenances 
of  the  power  plant  have  given  any  special  thought  towards  adapt- 
ing their  apparatus  for  pressures  much  above  those  now  com- 
mon. It  would,  therefore,  seem  that  there  is  much  further  de- 
velopment work  to  be  done  before  a  successful  installation  of 
pressures  above  those  now  in  common  use  can  readily  be  made. 
Very  probably  the  initiative  will  have  to  come  from  the  users, 
and  when  there  is  sufficient  demand  for  improvements  in  the 
existing  construction,  the  manufacturers  will  respond  as  readily 
and  successfully  as  they  have  in  the  past. 

Another  factor  which  has  a  bearing  on  this  project  is  the 
position  that  the  Boiler  Insurance  Companies  may  take.  State- 
ments have  been  obtained  from  some  of  the  leading  companies 
on  this  subject.    One  company  states : 

We  are  pleased  to  advise  you  that  the  pressure  for  which  the  safety 
valves  on  steam  boilers  are  set  has  no  bearing  on  the  rates  charged  for 
steam  boiler  insurance. 

Steam  boiler  insuring  companies  require  that  steam  boilers  be  so 
constructed  and  operated  that  they  shall  have  a  computed  factor  of  safety 
of  at  least  five  on  the  pressure  carried.  Some  companies  will  not  reject 
a  risk  unless  the  factor  of  safety  is  less  than  four ;  but  I  believe  no  boiler 
insuring  company  will  carry  a  boiler  risk  when  the  computed  safety  is 
less  than  four.  You  probably  know  that  the  Boiler  Code  of  the  American 
Society  of  Mechanical  Engineers  requires  that  all  new  boilers  be  con- 
structed so  as  to  have  a  factor  of  safety  of  at  least  five. 

With  boiler  insuring  companies,  a  steam  boiler  is  either  safe  or  un- 
safe. If  it  is  unsafe,  there  is  no  amount  of  premium  that  any  insurance 
company  will  accept  to  carry  the  risk.  If  it  is  safe,  then  the  premium 
is  the  same  whether  the  safety  valve  be  set  for  225  pounds  or  450  pounds 
per  square  inch,  providing,  as  before  intimated,  there  is  a  computed  fac- 
tor of  safety  of  five. 
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Another  company  writes : 

We  wish  to  advise  you  that  the  rate  of  insurance  on  a  boiler  carrying 
300  lb.  pressure  or  more  would  depend  upon  the  amount  of  the  liability, 
or,  in  other  words,  the  amount  required  by  the  assured.  Further,  we 
would  advise  that  the  rates  for  steam  boiler  insurance  are  standardized. 
All  companies  are  required  to  give  the  same  amount  of  premium  for  the 
same  amount  of  insurance ;  the  amount  required  can  be  readily  determined 
on  application  for  a  specified  amount  of  coverage. 

It  would  appear  from  the  above  that  the  companies  insuring 
boilers  would  not  decline  to  write  insurance  on  a  boiler  operated 
at  any  pressure  within  the  limits  herein  discussed,  provided  said 
boiler  had  a  proper  factor  of  safety. 

If  steam  plants  are  to  increase  their  pressure  materially,  the 
wise  procedure  would  be  to  do  so  gradually,  or  in  steps  of  mod- 
erate increases  each.  By  this  method,  troubles  and  losses  would 
be  minimized  and  the  experience  with  one  installation  would 
help  solve  the  problems  for  the  next  increase. 

The  coal  consumption  of  this  country  is  increasing  at  a  rapid 
rate,  the  cost  of  fuel  is  steadily  rising  and  the  total  supply  of 
good  steam  coal  has  a  definite  limit ;  therefore,  it  is  the  duty  of 
the  engineer  to  consider  all  practical  methods  to  conserve  this 
source  of  power  and  to  utilize  it  in  the  most  economical  manner. 
Higher  steam  pressure  will  be  helpful;  it  should  be  carefully 
studied  and  used  wherever  the  conditions  will  permit. 
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Oil  Engines 

Due  to  the  industriaf  conditions  brought  about  by  the  war, 
there  have  been  few  changes  in  the  design  of  Diesel  engines  built 
especially  for  electric  power  plants.  Correspondence  with  the 
manufacturers  brings  out  the  fact  that  they,  like  most  other 
manufacturers,  have  been  engaged  for  the  past  two  years  on 
Government  work.  With  some  of  them  this  work  has  been  along 
lines  other  than  the  manufacture  of  Diesel  engines,  and  with 
others  it  has  been  in  the  development  and  manufacture  of  Diesel 
engines  built  especially  for  use  in  surface  vessels  and  submarines. 
There  can  be  little  doubt,  however,  that  any  betterment  in  the 
construction  and  design  which  have  been  incorporated  in  the 
marine  type  will  eventually  be  made  available  in  the  stationary 
type. 

In  our  1916  report  there  were  incorporated  certain  data,  in- 
cluding several  curves,  which  showed  the  construction,  operating 
costs  and  efficiencies  in  various  sized  Diesel  engine  electric  plants. 
These  construction  and  operating  data  with  corrected  unit  costs 
may,  in  the  main,  be  expected  to  apply  at  this  time  because  of  the 
facts  outlined  in  the  previous  paragraph,  making  allowances  for 
the  increased  cost  of  labor  and  materials. 

As  stated  in  our  1917  report,  Diesel  engine  installations  have 
been  made  in  units  ranging  in  size  from  300  h.p.  to  1000  h.p.  and 
a  considerable  number  were  installed  to  drive  electric  generators. 
Within  the  past  month  we  have  been  advised  that  one  manufac- 
turer is  now  in  a  position  to  supply  Diesel  engines  for  driving 
stationary  electric  generators  ranging  in  size  from  100  kw.  to 
about  1500  kw.  which  is  an  evidence  of  an  increasing  range  in 
available  sizes. 

To  those  who  are  interested  in  the  general  subject  of  Diesel 
Engines  for  stand-by  operation,  we  would  recommend  the  re- 
cently published  Bureau  of  Mines  Bulletin  No.  156  entitled  "The 
Diesel  Engine — Its  Fuel  and  Its  Uses,"  in  which  the  author,  Mr. 
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Herbert  Haas,  discusses  the  recent  developments  in  the  construc- 
tion of  this  engine,  together  with  suitable  fuels  and  uses  to  which 
it  is  particularly  adapted. 

Water  Power  Progress 

There  was  lessened  activity  in  hydro-electric  undertakings  in 
1917  and  1918  and  little  has  developed  during  the  period  in  novel 
features  of  design.  The  difficulties  incident  to  carrying  out  con- 
struction during  the  past  two  years  have  tended  to  delay  the  de- 
velopment of  new  power  sites  and  to  hamper  the  making  of  ex- 
tensions to  existing  plants.  Nevertheless,  the  demand  for  addi- 
tional hydraulic  power  has  had  the  beneficial  result  of  drawing 
attention  to  the  desirability  of  developing  additional  water  power 
sites  as  soon  as  opportunity  offers,  and  to  the  desirability  of  mak- 
ing more  effective  use  of  the  power  possibilities  of  the  sites  al- 
ready developed.  The  greater  importance  of  water  power  arising 
out  of  the  higher  production  costs  by  steam  plants  may  be 
expected  to  stimulate  water  power  development.  A  number  of 
propositions  looking  to  the  building  of  new  hydro-electric  plants 
and  installation  of  additional  units  in  existing  plants  are  now 
coming  forward. 

The  Hydro-electric  Commission  of  Ontario  is  proceeding 
with  a  very  large  plant  at  Niagara,  and  the  United  States  Gov- 
ernment is  interested  in  a  big  development  at  Muscle  Shoals, 
Ala.  New  developments  are  contemplated  in  California,  Wash- 
ington, Wisconsin,  New  York,  Maine  and  elsewhere. 

The  tendencies  in  design  are,  in  general,  those  that  were 
brought  out  in  the  Committee's  1917  Report.  Experimenting  has 
been  going  on  along  the  lines  of  producing  higher  specific  speed 
runners,  particularly  for  use  in  low  and  medium  head  plants,  to 
meet  the  growing  demand  for  larger  capacity  units.  The  tend- 
ency is  towards  the  use  of  large  units  with  their  higher  efficien- 
cies and  lower  first  costs. 

Some  plant  designers,  for  large  interconnected  systems,  in- 
cline toward  layouts  of  few,  but  large  units,  contending  that 
operating  and  maintenance  costs  increase  almost  proportionately 
with  the  number  of  units,  and  that  a  few  large  machines  can  be 
brought  back  into  service  more  quickly  after  disturbances,  than 
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a  larger  number  of  small  machines.  The  greater  the  number  of 
plants  that  are  inter-connected  into  one  system,  the  less  is  the 
number  of  units  considered  necessary  to  be  held  as  spare.  They 
feel  further  that  the  reliability  of  modem  hydraulic  turbines  is 
such  that  units  held  solely  as  spares  would  have  but  few  useful 
days  of  service  per  year.  This  applies  especially  to  power  plants 
on  streams  of  fluctuating  flow,  where  the  water  power  plant  is 
tied  in  with  large  steam  stations,  and  where  maintenance  woric  on 
hydraulic  units  may  be  expected  to  be  carried  on  during  low  flow 
season  when  one  or  more  such  units  would  an)rway  be  shut  down 
for  lack  of  water  and  be  replaced  by  steam  generation.  During 
ample  flow  seasons,  a  unit  instead  of  being  carried  as  spare, 
would  be  used  to  replace  steam  generation. 

No  material  advance  has  been  made  in  the  attainment  of 
higher  turbine  efliciencies;  consequently,  attention  has  been 
directed  towards  securing  minor  gains  in  plant  efficiency  by  de- 
creasing the  loss  of  head  at  intake  and  screens,  and  in  setting, 
draft  tube  and  tail  race.  In  the  draft  tube  particularly  there 
seems  much  promise  of  striking  improvement  in  efficiency.  The 
tendency  is  towards  the  use  of  deeper  draft  tubes,  with  the  idea 
of  making  the  turn  from  the  vertical  to  the  horizontal  direction  at 
lower  velocities  than  was  the  previous  practice. 

New  types  of  draft  tubes  have  been  developed  by  the  large 
water  wheel  builders,  and  data  of  their  operating  results  may  be 
expected  in  the  near  future. 

From  limited  experimental  work  on  inclined  racks,  it  would 
appear  that  two  benefits  are  to  be  derived,  first  an  increased  rack 
area,  and  second  an  automatic  trash  cleaning  feature  which  re- 
quires very  little  manual  labor,  thereby  insuring  a  minimum  oper- 
ating rack  loss.  The  gain  secured  by  decreasing  the  entrance 
losses  is  of  great  importance  in  low  head  plants. 

The  thrust  bearing  problem  may  be  considered  solved 
Thrust  bearings  can  now  be  obtained  suitable  for  high  speeds  or 
heavy  total  loads,  and  they  have  shown  themselves  simple,  effi- 
cient, easily  cared  for,  and  of  satisfactory  length  of  life. 

Vertical  shaft  units  are  a  feature  of  most  new  plant  devel- 
opments. There  still  seems  to  be  a  difference  in  opinion  as  to 
preference  in  use  of  direct  connected  exciters  on  the  top  of 
vertical  shaft  generators,  as  compared  with  the  use  of  individual 
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motor  generator  exciters  or  a  central  excitation  system.  Increas- 
ing attention  is  being  given  to  details  of  design  affecting  ease  of 
operation  of  the  turbine,  and  ease  of  conducting  maintenance 
work  on  it.  Accessibility  of  parts,  better  provision  for  thorough 
lubrication,  removal  of  gate  rigging  mechanism  from  exposure 
to  the  corrosive  effects  of  the  water,  provision  for  adjusting  pinch 
fits  of  gates  and  taking  up  back  lash  in  gate  opening  mechanism, 
are  all  in  themselves  minor  factors  of  improvement,  but  of  im- 
portance in  the  aggregate.  Troubles  formerly  encountered  from 
the  use  of  oil  in  closed  governor  systems  have  been  done  away 
with  by  the  use  of  the  open  reservoir  system.  Where  water  is 
used  as  an  operating  fluid  in  the  governor  system,  the  corrosion 
resulting  therefrom  and  the  attendant  difficulties  are  being  met  in 
various  ways  at  different  plants ;  as  for  example :  by  the  neutrali- 
zation of  the  governor  fluid  with  barium  hydrate  treatment  com- 
bined with  the  use  of  so-called  soluble  oil,  or  by  the  use  of  potas- 
sium bichromate.  The  cooling  of  lubricating  oil  from  thrust 
bearings  seems  to  be  giving  some  difficulty  in  the  hot,  Southern 
climates.  It  is  reported  that  better  results  are  obtained  by  using 
open  air  cooling  coils  on  which  water  is  sprayed  and  the  cooling 
effect  thus  obtained  by  evaporation,  as  compared  with  the  tank 
oil  cooler.  The  insulation  of  thrust  bearings  and  gear  governor 
drives  has  been  suggested  for  certain  cases  where  stray  currents 
may  give  trouble,  while  in  other  plants  brushes  in  appropriate 
locations  are  being  used  to  provide  a  path  for  the  withdrawal  of 
the  stray  currents. 

The  rapid  rusting  of  intake  screen  equipment  in  corrosive 
river  water  is  continuing  to  give  trouble  in  certain  plants,  and  no 
special  sort  of  paint  seems  to  have  been  found  to  afford  protec- 
tion for  more  than  a  few  years.  A  very  heavy  red  lead  covering 
seems  to  be  about  as  satisfactory  a  coating  as  any,  and  the  expe- 
dient adopted  in  one  plant  is  to  withdraw  and  paint  a  certain 
number  of  rack  sections  each  year,  the  cost  of  painting  being  kept 
down  by  the  use  of  paint  spray  apparatus.  The  screens  are  pre- 
viously cleaned  by  sand  blast.  Interest  is  being  increasingly 
aroused  in  the  development  of  smaller  water  powers  consisting 
of  low  capacity,  remote  control  plants  connected  together  to  a 
system  using  one  or  more  plants  of  fairly  large  size  as  master 
stations. 
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The  interconnection  of  water  power  plants  with  each  other 
and  with  steam  plants  was  carried  out  as  a  war  measure  and  may 
be  a  feature  of  coming  importance.  It  has  brought  with  it  a 
number  of  operating  advantages  and  certain  new  and  difficuU 
problems  as  well.  Among  the  features  involved  are  the  greater 
efficiency  obtained  by  careful  load  dispatching  Ijetween  steam  and 
water  power  plants,  and  the  growing  importance  thereof ;  the  im- 
provement in  diversity  factor;  the  factor  of  insurance  gained 
through  the  possibility  of  mutual  assistance  in  case  of  equipment  ' 
or  other  trouble  in  individual  generating  stations ;  the  problem  of 
governing  and  providing  for  the  ready  shifting  of  master  gov- 
erning from  one  station  to  another;  the  necessity  of  prevent- 
ing disturbances  upon  one  part  of  the  system  from  being  trans- 
ferred to  and  felt  on  the  remainder  of  the  system;  and  the 
necessity  of  adequate  protection  against  the  increasingly  severe 
short  circuits  incident  to  greater  generating  capacity  on  the  system. 

The  increased  demand  for  hydraulic  power  from  existing 
plants  has  directed  the  attention  of  plant  operators  toward  secur- 
ing the  utmost  possible  output  from  their  hydraulic  develop- 
ments, particularly  as  regards  increased  efficiency  during  low 
water  periods,  and  increased  power  output  during  ample  flow 
periods.  As  a  result,  effort  has  been  made  to  increase  the  operat- 
ing head  by  use  of  flashboards  and  movable  crest  devices;  to 
decrease  losses  in  the  tail  race  by  deepening  or  rectification  work ; 
to  decrease  losses  from  leakage  of  water;  to  handle  more  effi- 
ciently the  main  units  and  auxiliaries  during  low  flow,  and  to  run 
all  turbines  during  ample  flow  at  full  output,  instead  of  at  rated 
output,  whenever  in  the  latter  case  operating  expedients  can  be 
adopted  to  take  care  of  the  electrical  overload  resulting. 

The  old  problem  of  diverting  ice  from  canal  intakes  has  been 
attacked  in  a  new  way  by  Groat  (see  A.S.C.E.  Transactions  Vol- 
ume LXXXII)  who  proposes  the  use  of  transverse  sub-surface 
barriers  to  accentuate  the  surface  velocities  in  a  direction  to  carry 
the  ice  past  the  intake  mouth,  while  leaving  opportunity  for  the 
sub-surface  flow  of  ice-freed  water  in  a  direction  parallel  to  the 
barriers  and  to  the  intake.  The  use  of  models  in  matters  involv- 
ing hydraulic  flow  is  receiving  increasing  attention  and  the  appli- 
cability of  same  to  quantitative  and  qualitative  flow  investigations 
is  being  better  appreciated. 
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There  is  a  growing  realization  of  the  importance  of  not  only 
designing  a  hydro-electric  plant  for  high  efficiency,  but  of  provid- 
ing in  its  design  for  the  necessary  equipment  to  enable  its  operat- 
ing efficiency  to  be  checked  up  and  maintained.  The  building  in 
of  piezometer  equipment  in  each  turbine  intake  is  recommended 
in  the  case  of  new  layouts ;  whereby,  after  calibration  of  one  in- 
take by  appropriate  water  measuring  arrangements,  a  continuous 
periodical  checking  up  of  each  individual  unit  may  be  easily  ob- 
tained, and  thus  the  degree  of  efficiency  of  the  hydraulic  opera- 
tion of  the  station  as  a  whole  ascertained.  It  is  just  as  important 
in  a  hydro-electric  plant  to  know  the  water  input  as  to  know  the 
kilowatt  output 

The  Johnson  type  of  valve  is  finding  increasing  use  in  water 
power  developments,  being  now  made  in  sizes  as  large  as  144 
inches  in  diameter,  and  valves  of  36  inches  in  diameter  are  being 
used  under  heads  of  1000  feet.  A  detailed  description  of  this 
valve  will  be  found  in  the  1913  Report  of  this  Conmiittee. 

The  committee  representing  the  American  Society  of  Civil 
Enginjeers,  the  American  Institute  of  Electrical  Engineers  and 
The  National  Electric  Light  Association,  appointed  to  confer 
with  the  American  Society  of  Mechanical  Engineers  to  draft  a 
Hydraulic  Power  Plant  Test  Code,  has  had  several  meetings  dur- 
ing the  past  year  and  it  is  expected  that  the  Code  will  be  in  final 
form  during  this  year. 

Your  Committee  is  in  receipt  of  statements  from  the  follow- 
ing manufacturers  covering  developments  during  the  past  year: 

AlliS'Chalmers  Manufacturing  Company 

The  most  striking  line  of  improvement  is  in  connection  with  the 
capacity  of  the  unit.  Progress  in  this  direction  may  be  indicated  by 
reference  to  the  following  installations  which  are  given  in  chronologi- 
cal order: 

Tallahassee  Power  Company,  Narrows  Development,  Nadin,  N.  C, 
3  units— 31,000  h.p.,  180  ft.  head.  In  operation  over  one  year  at 
present  writing. 

Tallahassee  Power  Company,  Cheoah  Development,  4  units — ^27,000 
h.p.,  188  ft.  head  completely  erected  and  due  to  start  in  operation 
this  month. 

Hydraulic  Power  Company,  Niagara  Falls  Development  (now 
Niagara  Falls  Power  Company),  3  units — 37,500  h.p.,  214  ft.  head. 
Erection  of  machinery  just  started. 
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Hydro-electric  Power  Commission  of  Ontario,  Chippewa  De- 
velopment, 2  Units— 52,500  h.p.,  320  ft.  head.  Contract  just  awarded. 
All  of  these  units  have  approximately  the  same  over-all  dimensions 
and  about  the  same  size  spiral  casing.  They  are  of  the  single  runner, 
vertical  shaft,  spiral  cased  type,  with  outside  operating  geai\  and  all 
of  them  embodying  a  supporting  barrel  tying  together  the  turbine  and 
generator  structures. 

Probably  the  most  novel  improvement  in  connection  with  draft 
tubes  is  found  in  the  hydraucone,  which  has  been  applied  successfully 
to  quite  a  variety  of  installations,  where  operating  data  are  available. 

This  device  has  been  installed  in  connection  with  the  following 
plants  on  which  operating  data  have  become  available  during  the  past 
year. 

Berlin   Mills   Company,   Shelburn   Plant,   2  units— 1200   h.p.,   17 
ft.  head. 

Detroit  Edison   Company,   Geddes   Plant,  575   h.p.,   units   14   ft. 
head. 

Manchester  Traction  Light  and  Power  Company,  2  units — 2175 
h.p.,  63  ft  head. 

Sheboygan    Electric    Light    and    Power    Company,    2    horizontal 
units— 750  h.p.,   19   ft.  head. 

Hydraulic  Power  Company,  one  unit — 37.500  h.p.,  214  ft.  head. 
In  your  last  report  we  believe  the  direct  connected  type  of  fly-ball 
was  indicated  as  being  one  of  the  recent  improvements  and  the  advan- 
tage of  this  style  of  construction  arising  from  the  elimination  of  all 
gear  and  belt  drives,  was  covered  in  the  report  The  item  of  interest 
that  we  have  to  offer  is  in  connection  with  the  successful  application 
of  this  type  of  fly-ball  to  low  speed,  vertical  units.  As  an  indication  of 
the  range  of  its  adaptability  as  proved  in  practice,  we  would  cite  the 
following  instances  where  it  has  been  applied  and  where  most  of  the 
units  have  been  placed  in  successful  operation: 

Tennessee    Power   Company,    1    unit— 12,000   h.p.,    150   rev.   per 
min. 

Tallahassee    Power    Company,    Cheoah    Development,    3    units— 
27,000  h.p.,  188  rev.  per  min. 

Eastern  Michigan   Power  Co.,   Foote    Development    3    units — 
4630  h.p.,  90  rev.  per  min.  , 

Aluminum  Co.  of  America,  Colton  Development,  2  units — llfiOO 
h.p.,  360  rev.  per  min. 

Hydraulic  Power  Company,  1  unit— 37,500  h.p.,  180  rev.  per  min. 

Wm.  Cramp  &  Sons  Ship  &  Engine  Building  Co. 

During  the  year  1918  there  was  considerably  more  activity  than  in 
the  previous  year,  the  aggregate  horse  power  contracted  for  by  our 
Company  being  nearly  three  times  greater  than  in  1917. 

One-fourth  of  the  units  contracted  for  by  our  Company  during  1918 
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are  for  extensions  to  existing  plants  and  the  remainder  for  new  instal- 
lations. 

There  was  a  marked  tendency  towards  the  installation  of  high 
powered  units,  the  average  size  per  unit  being  17,600  horse  power.  The 
37,500  horse  power  turbines  now  under  construction  for  the  Niagara 
Falls  Power  Company  when  completed  will  be  the  most  powerful  tur- 
bines in  the  world. 

For  the  turbines  contracted  for  *by  our  Company  during  1918  the 
designed  head  ranges  from  130  feet  to  475  feet.  These  units  are  pro- 
vided with  cast  iron  or  cast  steel  volute  casings  and  with  one  exception 
are  of  the  vertical  shaft,  single  runner  type.  Inquiries  received,  however, 
indicate  that  the  low  and  medium  head  installations  will  be  developed  to 
a  large  extent  in  the  near  future. 

The  vertical  shaft,  single  runner  unit  both  for  low  and  high  heads 
has  been  so  thoroughly  established  as  the  best  modem  practice,  that 
except  in  the  case  of  extensions  to  existing  stations  already  built  for 
horizontal  settings,  the  former  type  is  almost  universally  adopted. 

Pelton  Water  Wheel  Company 

First,  we  ftote  a  tendency  to  bring  the  water  power  machinery  into 
consideration  under  a  general  heading  of  "Turbines."  This  would  seem 
to  be  a  proper  move  to  simplify  the  classification  of  water  power  ma- 
chinery generally,  as,  for  instance,  there  are,  properly  speaking,  two 
classes  of  turbines:  the  one,  "Pelton"  turbines,  which  are  now  known  as 
"Impulse"  wheels,  "Water"  wheels,  "Tangential"  wheels,  etc.,  and  the 
other — *'Francis"  turbines. 

Turbines  may  again  be  classified  distinctly  as  of  the  "Impulse  Pel- 
ton  type"  and  "Reaction  Francis  type.*'  We  are  firmly  of  the  belief  that 
the  use  of  this  nomenclature  will  greatly  simplify  reference  to  either 
class  of  equipment  and  standardize  their  classification. 

As  to  Pelton  impulse  turbines,  the  year  has  marked  considerable 
progrress  in  several  ways. 

First,  in  new  developments.  There  is  a  decided  tendency  among  the 
larger  power  companies  to  install  units  of  as  large  a  size  as  possible. 
This  is  of  course  proper  under  conditions  where  such  units  would  form 
but  a  small  portion  of  the  -total  capacity  of  the  system,  and  where  water 
conditions  are  such  that  these  large  units  can  be  operated  practically 
continuously  at  their  normal  load  or  point  of  best  efficiency. 

Modern  development  and  perfection  in  lap-welded  pipes,  which  are 
now  being  built  in  this  country,  have  to  a  great  extent  made  it  possible 
to  give  consideration  to  higher  heads  for  the  large  quantities  of  water 
required  in  the  high  head  power  plants,  and  the  general  demand  for  large 
unit  capacities  has  resulted  accordingly.  Units  as  large  as  15,000  h.p. 
on  a  single  Pelton  or  impulse  turbine  runner  under  heads  approximat- 
ing 2000  feet  have  been  constructed. 

The  tendency  toward  the  use  of  water  economizing  nozzle  equipment 
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continues  to  grow,  and  it  is  apparent  that,  excepting  in  extraordinary 
cases,  all  plants  of  the  future  will  provide  for  water  storage  and  water 
economizing  equipment. 

Second,  there  is  a  very  marked  interest  on  the  part  of  operators  of 
the  older  and  less  modem  Pelton  impulse  turbine  installations  to  in- 
crease power  outputs  from  their  plants  by  installing  more  modem  parts 
or  details.  The  art  has  so  progressed  during  the  past  few  years  that 
it  is  not  unusual  for  the  operators  and  owners  of  old  equipments  to 
increase  their  power  outputs  10  or  12  per  cent  in  this  way,  and  at  very 
nominal  cost 

As  to  Francis  reaction  turbines,  probably  the  most  marked  progress 
lies  in  the  ever  increasing  popularity  of  the  construction  wherein  the 
turbine  runner  is  overhung  on  the  end  of  the  shaft  so  that  but  two 
bearings  are  used  for  the  individual  unit.  Between  these  two  bearings 
the  generator  is  mounted,  and  beyond  the  main  bearing  the  turbine 
runner  is  overhung.  This  construction  has  many  operating  advantages, 
as  it  is  obvious  that  two  bearings  are  always  easier  to  maintain  in  align- 
ment than  three  or  more. 

Units  of  this  construction  may  be  made  either  double  overhung,  i.e., 
with  a  turbine  runner  enclosed  in  a  spiral  casing  and  overhung  on  each 
end  of  the  shaft — or  single  overhung.  The  idea  of  overhanging  the 
reaction  turbine  runners  is  of  course  a  logical  development,  which  fol- 
lows a  good  many  years  of  successful  construction  in  overhanging  the 
Pelton  or  impulse  turbine  mnners.  It  is,  in  fact,  rather  surprising  that 
the  idea  has  not  been  more  generally  favored  heretofore.  The  use  of  the 
overhung  Francis  or  reaction  turbine  runner  is,  to  be  sure,  not  at  all  new, 
as  it  has  been  adopted  in  this  country  and  in  Europe  for  a  good  many 
years.  It  is,  however,  becoming  markedly  more  popular  of  late,  and 
we  believe  properly   so. 

End  thrust  is  taken  care  of  in  a  number  of  ways,  most  of  which 
are  already  well  known.  The  most  popular  type  of  thrust  bearing  is 
of  the  external  mechanical  construction,  for  the  reason  that  its  use 
eliminates  the  serious  objection  to  water  wear  and  difficulty  of  main- 
taining proper  running  conditions  attending  the  operation  of  balancing 
devices  placed  inside  of  the  turbine  casing  and  consequently  subject  to  the 
influence  of  the  power  water. 

Wellman  Seaver  Morgan  Company 

At  the  present  time  we  have  a  tremendous  number  of  inquiries  and 
outstanding  proposals,  which  we  expect  to  be  settled  this  spring  and 
summer.  Last  year  was  very  quiet  in  hydro-electric  work,  and  gave  us 
an  opportunity  to  carry  on  development  work.  It  has  been  generally 
realized  by  hydraulic  turbine  engineers  that  we  have  nearly  reached 
the  limit  on  the  efficiencies  of  runners  as  regards  the  runner  itself. 
Ninety-two  per  cent  and  93  per  cent  are  about  as  high  as  can  be  expected. 
In   order  to   show  still   further   improvements   we  are  looking  into  the 
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design  of  all  passageways  from  the  head  gate  to  the  tail  race.  The 
spiral  casings,  gates  and  draft  tubes  should  receive  special  attention 
for  each  particular  design  of  nuiner;  this  is  the  only  way  to  obtain  the 
maximum  efficiency. 

For  low  head  turbines  in  open  flume  settings,  we  have  developed 
an  exceptionally  high  speed  runner  showing  a  specific  speed  of  170,  as 
against  about  100,  which  was  considered  the  highest  obtainable. 

A  great  deal  of  study  has  been  made  of  low  capacity  remote  con- 
trol plants,  by  both  turbine  and  generator  manufacturers.  There  are 
found  to  be  a  great  many  developments  of  this  nature.  One  centrally 
located  plant  of  fairly  large  size  can  be  used  as  the  master  station, 
and  several  other  low  head  plants  within  a  radius  of  15  or  20  miles 
can  be  operated  from  this  plant  without  any  attendants  whatever  except 
a  man  to  drop  around  occasionally.  This  is  nearly  a  necessary  condi- 
tion to  make  a  plant  of  100  to  500  h.p.  a  paying  proposition.  In  order 
to  operate  these  plants  without  attendants,  it  is  necessary  to  design  all 
machinery  accordingly  and  make  it  as  simple  as  possible.  Induction 
generators  are  used  in  order  to  get  aropnd  commutator  troubles,  and 
because  they  can  easily  be  thrown  on  the  line.  The  electrically  operated 
gate  mechanism  is  used  instead  of  a  governor,  and  gives  surprisingly 
goods  results.  In  case  of  a  large  load  thrown  off  due  to  lightning  trou- 
bles, the  unit  is  designed  so  that  it  is  safe  under  runaway  speed.  If  this 
should  happen,  a  man  is  sent  to  the  plant  to  shut  down  the  unit  by 
hand. 

We  also  note  the  increase  in  the  number  of  outdoor  transformer 
stations  and  the  more  genera^use  of  Taintor  gates,  both  for  head  gates 
and  on  the  dam.  Several  very  successful  installations  of  automatic 
gates,  or  roller  dams,  have  been  put  in  recently,  and  in  one  case  the 
success  of  the  whole  proposition  depended  on  this  one  feature. 

The  largest  proposition  being  developed  at  the  present  time  is  the 
Niagara  Development  on  the  Canadian  side,  for  the  Hydro-electric  Com- 
mission of  Ontario.  We  have  just  been  awarded  the  contract  for  the 
first  two  units,  and  the  Canadian- Westinghouse  Company  is  to  make 
the  generators.  Each  turbine  will  develop  52,500  h.p.  at  point  of  maxi- 
mum efficiency,  and  about  60,000  h.p.  at  full  gate.  The  water  will  be 
taken  from  above  the  upper  rapids,  through  the  Welland  River,  which 
will  be  dredged  out,  and  thence  through  a  canal  14  miles  long  by  48 
feet  wide  and  35  feet  deep,  to  the  power  house  located  down  near 
Queenstown.  Nearly  the  total  drop  between  Lake  Erie  and  Ontario  will 
be  obtained.  The  net  head  on  the  turbines  will  be  305  feet,  the  speed 
187%  rev.  per  min.,  and  the  turbmes  will  be  single  vertical  and  cast 
steel  spiral  casing.  Ultimately  it  is  intended  to  develop  about  one  mil- 
lion horse  power  in  this  plant. 

The  large  development  at  Muscle  Shoals  is  boing  pushed  by  the 
Government,  and  will  have  about  15  units  of  30,000  h.p.  each  under  96 
feet  head.     There  are  also  about  five  large  developments  in  California 
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to  be  settled  this  spring,  and  three  in  Washington.  The  interesting 
feature  out  there  will  be  the  use  of  reaction  turbines  of  approximately 
20,000  h.p.,  under  800  ft.  head. 

Wisconsin,  New  York  and  Maine  are  next  in  line  with  the  greatest 
number  of  active  propositions.  The  U.  S.  Reclamation  Service,  through 
Secretary  Lane's  endeavors,  will  open  up  a  great  many  hydro-electric 
developments  in  the  west  this  year. 

The  following  paper  on  factors  in  obtaining  maximum  out- 
put from  hydro»-electric  plants  has  been  submitted  by  Mr.  Fred 
A.  AUner,  General  Superintendent,  Pennsylvania  Water  and 
Power  Company,  Baltimore,  Md. 

Factors  in  Obtaining  Maximum  Output 
FROM  Hydro-Electric  Plants 

War-time  demand  for  power  was  responsible  for  a  number 
of  improvements  in  the  operation  of  existing  hydro-electric 
plants,  that  can  be  used  to  advantage  for  after-war  conditions. 
The  features  described  below  refer  to  a  100,000  h.p.  low  head 
plant,  located  on  a  river,  the  latter  having  a  protracted  low  flow 
period  interrupted  occasionally  by  freshets.  By  means  of  high 
tension  transmission  lines,  the  plant  is  tied  in  with  several  steam 
stations  of  about  equal  total  capacity.  During  the  high  flow 
season  the  water  power  plant  operates  at  high  load  factor,  run- 
ning wide  open  for  about  16  hours.  The  steam  plants  carry  the 
peaks  of  the  load.  During  the  low  flow  season  the  steam  plants 
operate  at  nearly  100  per  cent  load  factor,  while  the  water  power 
plant  carries  the  peaks. 

High  Flow  Season: 

When  the  river  flow  exceeds  the  power  house  draft,  maxi- 
mum output  of  the  hydraulic  plant  is  obtained  by : 

1.  Operating  main  imits  in  wide  open  conditron  for  the 
maximum  possible  nimiber  of  hours. 

2.  Adjusting  gate  operating  mechanism  in  such  a  manner 
that  wide  open  condition  of  operating  piston  actually  produces 
maximiun  clear  opening  of  guide  vanes. 

3.  Using  high  flow  flashboards. 

4.  Carrying  a  minimum  of  wattless  current  at  the  water 
power  plant.  - 

5.  Operating  a  minimum  of  alternating  current  driven  exci- 
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tation  and   station   auxiliary   apparatus   during  the   wide  open 
hours. 

6.  Improving  ventilation  by  blowers  and  proper  directing  of 
air  to  hot  parts  of  generators,  if  hydraulic  output  exceeds  the 
electrical  rating  of  some  units. 

7.  Careful  inspection  and  preventive  maintenance  of  all 
apparatus  that  when  out  of  service  may  reduce  station  output. 

8.  Organizing  necessary  low  flow  overhauling  work  so  that 
it  can  be  completed  in  a  minimum  of  time. 

Low  Flow  Season: 

When  the  river  flow  is  less  than  power  house  draft  the 
maximum  hydro-electric  energy  for  a  given  river  flow  is  ob- 
tained by : 

1.  Distributing  total  station  load  on  smallest  number  of  tur- 
bines consistent  with  load  conditions,  so  as  to  cause  a  minimum 
of  water  draft  through  the  power  house  for  a  given  load  at  any 
time. 

2.  Holding  forebay  at  highest  possible  elevation. 

3.  Efficient  use  of  low  flow  flashboards. 

4.  Transferring  wattless  current  to  steam  units  and  syn- 
chronous receiving  apparatus,  if  same  can  be  carried  there  at  a 
lower  overall  loss 

5.  Distributing  excitation  load  between  water  wheel  and 
motor  driven  units  for  minimum  water  consumption. 

6.  Reducing  station  power  requirements  for  auxiliaries  to 
a  minimum  consistent  with  safety. 

A  number  of  the  high  and  low  flow  features  enumerated  had 
been  practiced  for  several  years  at  the  plant  under  discussion, 
but  found  a  more  thorough  application  during  the  war  period 
through  more  stringent  follow-up  methods. 

Some  other  features  were  introduced  under  war-time  pres- 
sure that  promise  useful  application  in  the  regular  operation  of 
the  plant. 

1.  Knowledge  of  the  loads  of  the  individual  customers,  and 
of  the  operating  characteristics  of  those  steam  plants  which  run 
in  parallel,  is  essential.  Governor  adjustments  require  to  be 
worked  out  for  parallel  operating  conditions  of  the  various 
plants,  so  as  to  reduce  as  far  as  possible  the  number  of  occa- 
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sions  when  load  fluctuations  are  taken  up  by  the  hydraulic  plant 
instead  of  by  the  steam  plants,  during  hours  when  total  system 
load  exceeds  hydraulic  capacity.  A  daily  record  showing  the 
amount  and  specific  causes  of  ''Energy  Wasted"  due  to  hydraulic 
plant  not  being  loaded  up  full,  while  steam  plants  carry  an  undue 
portion  of  the  load,  offers  a  useful  follow-up  method  for  the 
operating  force.  These  losses  may  aggregate  50,000  kw-hr.  per 
day  (for  about  2,000,000  kw-hr,  total  system  load)  and  even 
exceed  this  figure,  if  parallel  operation  between  the  plants  is  not 
closely  watched. 

2.  Due  to  the  cumulative  effect  of  lost  motion  in  gate  operat- 
ing mechanism,  it  frequently  occurs  that  wide  open  condition 
of  operating  piston  does  not  actually  produce  maximum  clear 
opening  of  guide  vanes.  Periodical  checks  should  be  made  on 
the  output  of  individual  units  and,  if  reductions  in  output  are 
found,  they  should  be  traced  to  definite  causes. 

On  a  certain  10,000  kw.  unit,  just  before  the  time  for  over- 
hauling had  arrived,  this  loss  of  output  was  about  250  kw.,  and 
even  on  units  in  fair  condition  it  may  easily  reach  100  kw.  A 
standard  steam  indicator  mounted  on  the  operating  engine  is  use- 
ful for  such  investigations,  as  it  permits  the  reading  of  lost  mo- 
tion in  the  mechanism  and  of  operating  pressure  required  for 
moving  gates  in  different  positions,  etc.  If  guide  vanes  and 
other  parts  of  operating  mechanism  were  originjilly  adjusted 
correctly,  excessive  lost  motion  may  be  compensated  for  by  in- 
creasing the  piston  stroke,  without  taking  the  unit  out  of  service. 
If  no  provision  is  made  for  this  in  the  design,  it  may  be  possible 
in  many  case9  to  obtain  the  increased  stroke  by  substituting  a 
shorter  piston  head,  which  can  be  inserted  during  off-peak  hours. 

3.  Increase  of  output  through  use  of  high  flow  flashboards 
may  be  quite  appreciable.  Although  using  boards  of  only  about 
half  the  height  of  the  low  flow  flashboards,  this  gain  in  output 
may,  under  certain  conditions,  equal  or  exceed  the  gain  from  the 
low  flow  boards. 

4.  For  a  given  system  load  the  reactive  or  wattless  current 
is  an  undesirable  element  of  the  power  load  that  must  be  fur- 
nished by  the  generating  stations,  together  with  the  power  cur- 
rent. In  a  combined  steam  and  hydraulic  system  where  the  hy- 
draulic plant  is  usually  some  distance  away  from  the  point  of 
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consumption  of  energy,  it  will  generally  be  found  more  economi- 
cal to  let  the  steam  units  and  some  of  the  synchronous  receiving 
apparatus  carry  as  much  of  the  reactive  current  as  possible.  The 
transmission  of  undue  wattless  current  through  the  high  tension 
lines,  step-up  and  step-down  transformers,  will  increase  consid- 
erably the  metered  reactive  watts,  as  carried  at  the  hydraulic 
station.  Transmission  losses  tvill  increase,  and,  in  addition,  in 
order  to  maintain  normal  voltage  at  the  point  of  delivery,  a  high 
bus  voltage  will  be  necessary  at  the  hydraulic  plant,  such  higher 
bus  voltage  carrying  with  it  greater  excitation  and  core  losses  in 
the  generators. 

Installation  of  reactive  wattmeters  on  the  totalizing  meter- 
bus  of  hydraulic  and  steam  stations  and  at  the  points  of  power 
delivery  at  the  receiving  station  is  necessary  for  the  study  of 
such  load  conditions  and  for  the  "Dispatching  of  Reactive  Load" 
in  regular  operation. 

5.  Hydraulic  stations,  that  do  not  have  a  rigid  system  of 
excitation,  such  as  individual  motor  generator  sets  or  exciters 
directly  connected  to  the  turbine  shaft,  offer  a  certain  flexibility 
in  the  distribution  of  excitation  and  station  auxiliary  load  that 
may  be  used  to  advantage  for  obtaining  maximum  output.  A 
plant  with  partly  water  wheel  driven  and  partly  alternating  cur- 
rent motor  driven  exciters,  and  an  emergency  storage  battery 
operating  in  parallel,  should,  during  ample  flow  conditions, 
obtain  as  much  of  the  excitation  and  auxiliary  power  as  possible 
from  the  water  wheel  driven  exciters,  during  the  hours  when 
the  main  units  are  operating  with  gates  wide  open.  Intermittent 
station  auxiliaries  should  be  operated  mostly  during  the  off-peak 
hours,  between  midnight  and  morning  peak. 

6.  The  use  of  high  flow  flashboards  or  other  special  expe- 
dients for  securing  higher  operating  head  may  have  the  effect  of 
increasing  the  hydraulic  output  of  turbines  beyond  the  electrical 
rating  of  the  generators.  The  generator  ratings  may  then  be 
raised  by  providing  better  cooling.  In  such  cases  reliable  hot 
spot  temperature  indicators  are  almost  indispensable.  If  differ- 
ent types  of  generator  units  are  used  in  the  plant,  some  increased 
output  therefrom  may  be  obtained  by  running  the  lower  rated 
generators  at  high  power  factor  and  throwing  the  bulk  of  the 
low  power  factor  generation  upon  the  units  having  higher  rat- 
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ings.  In  some  cases  even  this  remedy  is  insufficient  and  it  may 
pay  to  provide  individual  blowers  to  direct  air  to  the  hot  parts 
of  the  generators,  or  arrange  the  whole  plant  for  a  central  ven- 
tilating system  with  large  blower  units. 

7.  Careful  inspection  of  all  apparatus  at  regular  intervals 
is  one  of  the  chief  requirements  of  preventive  maintenance,  as 
contrasted  with  mere  repairing  of  break-downs.  This  is  a  large 
field  for  the  practical  maintenance  engineer  in  every  hydro-elec- 
tric plant,  although  it  may  show  its  value  only  in  the  course  of 
several  years. 

During  the  hours  between  midnight  and  morning  peak,  and 
over  the  Sunday  recess,  it  should  be  possible  in  many  plants  to 
carry  out  all  the  inspection  work  of  the  interior  of  turbines,  if 
arrangements  are  worked  out  for  proper  organization  of  crew 
and  for  time  saving  inspection  facilities. 

8.  Certain  overhauling  work  that  is  necessary,  due  to  wear 
of  vital  parts,  should  be  completed  within  a  minimum  time,  so  as 
to  keep  the  unit  out  of  service  as  short  a  time  as  possible.  Fore- 
knowledge of  the  nature  of  the  work,  providing  in  advance  the 
spare  parts  for  renewal,  and  scheduling  of  the  work  in  advance, 
have  made  it  possible  to  reduce  the  time  that  was  originally  used 
for  such  work  to  nearly  half.  On  several  occasions  a  quickly 
approaching  rain  freshet  in  the  midst  of  the  low  flow  season,  has 
been  taken  advantage  of,  by  putting  quickly  into  service  a  unit 
that  was  undergoing  maintenance  overhauling.  A  week's  delay 
in  each  case  would  have  entailed  the  loss  of  opportunities  to 
utilize  the  flow  from  the  freshet.  In  one  case,  for  example,  it 
meant  an  increase  of  180,000  kw-hr.  per  day  in  delivered  energy. 

At  the  same  plant  a  bonus  system  for  the  hydraulic  mainte- 
nance force  has  been  in  use  for  two  years,  whereby  the  crew  re- 
ceives extra  pay  for  each  day  that  it  is  able  to  shorten  the  actual 
time  that  a  double  runner  unit  is  out  of  service  for  major  over- 
hauling, as  compared  with  the  scheduled  time. 

Low  Flow:  • 

Under  low  flow  conditions  the  principal  aim  of  the  hydraulic 
plant  is  to  produce  a  maximum  of  kilowatt  hours  from  a  given 
river  flow. 

The  joint  operation  of  the  hydraulic  and  steam  plants  under 
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discussion  required  that  "best  load  distribution*'  should  always 
be  understood  to  mean  not  only  best  water  economy,  but  also 
best  combined  water  and  fuel  economy.  The  steam  plants,  dur- 
ing the  low  flow  period,  are  operated  as  nearly  as  possible  to  100 
per  cent  load  factor,  using  at  first  their  most  efficient  units  and 
then  placing  the  additional  and  less  economical  equipment  into 
service  as  the  river  flow  drops  lower.  The  problem  of  best  com- 
bined economy  is,  however,  largely  a  problem  of  hydraulic 
economy. 

Occasionally  it  is  necessary  to  deviate  from  this  rule,  due  to 
temporary  shortage  of  fuel,  or  to  tie  up  of  coal  transportation  or 
handling  facilities  at  one  or  at  both  of  the  principal  steam  plants. 

1.  Of  the  eight  main  units  of  the  hydraulic  plant  the  first 
five  have  double  runners  of  identical  type,  two  more  recent  ones 
have  runners  of  somewhat  diflferent  characteristics,  and  the  last 
unit  is  of  a  single  runner  high  efficiency  type.  A  table  has  been 
computed  from  the  various  turbine  output-discharge  curves,  to 
assist  the  operators  in  distributing  the  load  among  the  various 
units  so  as  to  secure  best  efficiency. 

Theoretically  the  minimum  total  discharge  from  a  number 
of  turbines  is  obtained  when  the  diflferent  units  are  loaded  up  to 
such  a  point  on  their  **output-discharge"  curves,  that  the  tan- 
gents to  the  discharge  curves  at  the  points  of  loading  all  make 
the  same  angle  with  the  axis  of  abscissae;  i,e,,  when  the  various 
units  are  so  loaded  that  their  "output-discharge**  curve  differen- 
tials are  all  equal. 

The  power  house  draft  is  plotted  each  hour  by  the  operators, 
on  the  same  chart  on  which  load,  head,  etc.,  are  entered.  The 
draft  for  the  whole  day  in  cubic  feet  hours  is  divided  into  the 
kilowatt  hours  produced,  the  quotient  being  called  the  ''Kilowatt 
Equivalent*'  for  the  day.  From  previous  years'  records,  stand- 
ards had  been  established  for  "equivalents"  for  the  different  low 
flow  stages,  with  and  without  flashboards.  A  comparison  of  the 
actual  daily  "kilowatt  equivalent*'  with  the  standard  "equivalent" 
is  used  as  a  measure  of  the  generating  station  efficiency  for  each 
low  flow  day.  Similarly,  the  excitation  and  station  auxiliary  re- 
quirements are  calculated  in  percents  of  line  and  transformer 
losses,  etc.,  all  of  which  are  combined  into  a  term  called  "deliv- 
ered kilowatt  equivalent."    Such  comparisons  are  of  interest  in 
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directing  attention  towards  securing  improvements  in  handling 
operating  details. 

Since  systematic  efforts  were  put  forth  for  following  up  best 
load  distribution,  reduction  of  avoidable  losses,  etc.,  the  ''deliv- 
ered kilowatt  equivalent"  of  the  plant  under  discussion  was  im- 
proved about  3  per  cent,  yielding,  for  example,  during  a  certain 
seven  weeks'  low  flow  period,  as  compared  with  the  output  dur- 
ing  a  similar  period  before  the  introduction  of  these  organized 
efficiency  eflforts,  about  1,500,000  kw-hr.  additional  output. 

2.  Holding  the  forebay  at  the  highest  possible  elevation  is  of 
considerable  moment  in  the  operation  of  a  low  head  plant.  This 
is  quite  apparent  if  it  is  realized  that  a  faulty  estimate  of  flow  or 
load,  or  both,  on  say  a  fifty  foot  head  plant,  with  an  average  con- 
nected load  of  over  two  million  kw-hr.  per  day,  but  with 
a  storage  capacity  of  only  100,000  kw-hr.  per  foot  draw-down  of 
forebay  pond,  would  entail  a  loss  of  1  per  cent  of  the  following 
day's  hydraulic  output,  if  the  forebay  level  when  entering  upon 
the  morning  peak  is  .5  foot  lower  than  the  proper  level.  This 
difference  in  forebay  level,  however,  represents  only  2j^  per 
cent  of  the  system  load.  It  is  quite  apparent,  therefore,  that  an 
accurate  manipulation  of  forebay  is  possible  only  by  a  thorough 
understanding  of  system  load  conditions,  foreknowledge  of  flow 
and  closest  cooperation  with  the  steam  plants 

3.  Flashboards,  as  a  rule,  are  treated  with  less  engineering 
care  than  other  station  apparatus  that  is  looked  upon  for  yield- 
ing the  same  amount  of  energy  in  the  daily  operation.  Leakage 
between  concrete  sill  of  dam  and  boards,  losses  in  the  vertical 
and  horizontal  joints  between  boards,  effect  of  wave  action  on 
the  loosening  "of  the  tightening  devices,  etc.,  can  reduce  the  effect- 
ive gain  from  flashboards  to  a  considerable  extent.  On  the 
other  hand,  proper  equipment  and  organization  of  crew  for 
tightening  the  boards,  erecting  them  quickly  after  a  freshet,  or 
removing  them  intact  at  the  approach  of  a  higher  river  stage, 
can  increase  the  station  output  appreciably.  The  net  gain  from 
flashboards  in  the  plant  described,  varied,  of  course,  with  the 
flow,  but  for  an  average  low  flow  stage  of  10,000  cubic  foot 
second  and  a  head  of  55  feet,  it  could  be  made  to  exceed  60,000 
kw-hr.  per  day. 

4.  Most  economical  distribution  of  a  given  excitation  and 
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plant  auxiliary  load  between  water  wheel  driven  and  alternating 
current  driven  exciters  is  obtained  by  the  use  of  output-discharge 
curves,  just  as  has  been  explained  as  applying  to  the  main  units. 

5.  Although  station  auxiliaries,  exclusive  of  excitation,  con- 
sume only  about  1  per  cent  of  the  high  flow  station  output,  it  is 
possible  to  accomplish  a  measurable  economy  by  studying  the 
load  requirements  of  the  individual  apparatus.  During  extreme 
low  flow  stages  the  above  percentage  may  double  or  treble,  since 
certain  of  the  station  auxiliaries  are  necessary,  regardless  of 
the  amoimt  of  station  energy  output. 

In  some  cases  the  original  layout  of  a  hydraulic  plant  docs 
not  provide  for  individual  watthour  meters  or  other  instruments 
to  measure  the  power  requirements  of  the  auxiliaries.  Perma- 
nent watthour  instruments  can  often  be  used  to  advantage  to 
show  the  way  towards  possible  economies  in  operation  of  station 
auxiliaries. 
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F.  D.  Nims,  Vice-President  and  General  Manager,  Washington 

Coast  Utilities  Company,  Seattle,  Wash. 

G.  W.  SaathofF,  General  Manager,  The  Acme  Power  Company, 
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E.  H.  Tenney,  Assistant  Chief  Engineer,  rUnion  El^tric  Light 
and  Power  Company,  St  Louis,  Mo. 

O.  G.  Thurlow,  Chief  Engineer,  Alabama  Power  Company,  Bir- 
mingham, Ala. 

J.  A.  Walls,  Vice  President  and  Chief  Engineer,  Pennsylvania 
Water  and  Power  Company,  Baltimore,  Md. 

J.  Wolff,  Mechanical  Engineer,  Cleveland  Electric  Illuminating 
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nia Edison  Company,  Los  Angeles,  Calif. 
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Mr.  Carle:  This  is  the  first  Prime  Movers  Committee 
report  in  two  years.  At  the  convention  here  a  year  ago  I  was 
the  only  member  of  the  Prime  Movers  Committee  present  and 
my  appointment  was  so  recent  that  I  had  not  yet  attended  a 
meeting.  I  was,  therefore,  much  surprised  when  the  Committee 
was  appointed  last  September  to  be  made  its  Chairman. 

It  was  at  first  impossible  to  get  the  members  together  owing 
to  their  urgent  duties  at  home.  Then  came  the  armistice  and 
the  Christmas  holidays,  and  our  first  meeting  was  held  in  Janu- 
ary, followed  by  meetings  in  February  and  March. 

In  January  the  report  was  divided  into  sixteen  sub-divi- 
sions and  the  work  assigned  to  sub-committees,  all  of  which 
made  full  reports  for  the  April  meeting  at  which  time  they  were 
reviewed  in  detail. 

We  attempted  to  get  statements  from  every  manufacturer 
of  prime  mover  apparatus  and  if  you  fail  to  see  any  which  should 
be  in  the  report,  it  means  that  the  sub-committee  was  crowded 
for  time,  or  the  manufacturer  was  unable  to  furnish  his  data  in 
the  short  time  allotted  to  him. 

'Hiis  is  not  a  war  report.  It  is  a  function  of  the  Prime 
Movers  Committee  to  report  progress  in  the  development  of 
prime  movers,  and  this  report  is,  therefore,  rather  a  record  of 
what  has  been  accomplished  in  spite  of  the  war. 

The  Committee  has  a  listed  membership  of  24,  and  an 
available  working  membership  of  16  (15  in  January).  The 
record  of  attendance  was : 


Date 

Meeting  Place 

Present 

Possible 

January 

Pittsburg 

13 

15 

February 

Chicago 

12 

16 

March 

New  York 

15 

16 

I  want  to  express  my  appreciation  of  the  faithful  work  of 
the  members  of  the  Prime  Movers  Committee  and  the  coopera- 
tion of  the  former  Chairmen,  Mr.  Moultrop  and  Mr.  Graves, 
who  are  members  of  the  present  Committee. 

The  Chairman  :  The  report  of  the  Committee  is  now 
open  for  discussion,  and  we  will  take  it  by  parts. 

We  will  start  with  Turbines,  and  in  order  to  get  started 
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promptly  I  will  call  on  Mr.  W.  L.  Abbott,  of  the  Commonwealth 
Edison  Company  of  Chicago. 

W.  L.  Abbott,  Chicago:  Among  the  subjects  which  the 
Committee  discusses,  turbines  are  put  first  as  if  in  order  of 
importance. 

The  performance  of  large  turbines  during  the  past  two 
years  has  been  a  matter  of  great  concern  to  companies  which 
have  used  machines  of  20,000  kw.  and  over.  So  important  is 
this  that  it  has  been  made  the  subject  of  study  by  a  similar  com- 
mittee of  another  association  which  has  devoted  almost  its 
whole  time  to  the  matter,  and  whose  report  will  be  forthcoming 
in  a  few  months.  It  might,  however,  be  permissible  to  say  that 
although  there  have  been  a  number  of  failures  and  serious  trou- 
bles in  these  large  sized  machines — some  of  them  coming  at  times 
to  cause  the  greatest  embarrassment  and  expense — ^there  is 
nothing  in  the  situation  which  warrants  a  distrust  of  the  larger 
sizes,  or  distrust  of  the  general  features  of  the  design  of  the 
machines  of  such  size  which  have  been  put  out.  The  troubles 
have  not  been  confined  to  any  one  feature,  but  are  due  to  a 
number  of  faults,  more  or  less  incidental,  which  might  be  ex- 
pected in  the  development  of  such  large  machines,  involving  as 
they  do  new  principles  whose  faults  could  be  ascertained  only 
through  actual  service.  These  faults,  which  have  doubtless  all 
been  developed,  are  now  in  the  way  of  being  corrected. 

The  report  gives  a  tabulation  showing  the  ratios  of  the 
largest  machine  used  by  the  various  companies  to  the  total 
capacity  installed.  These  nm  all  the  way  from  7  per  cent  to 
100  per  cent.  From  the  fact  that  many  companies  are  getting 
along  with  single  units  as  large  as  33  per  cent  or  50  per  cent  of 
their  capacity,  and  not  suffering  seriously  thereby,  we  may  con- 
fidently contemplate  the  use  of  even  larger  turbines  than  we 
have  been  using  in  the  past. 

The  Chairman  :  I  will  call  on  Mr.  H.  M.  Cushing,  of  the 
Buffalo  General  Electric  Company. 

Mr.  Cushing:  While  the  Buffalo  General  Electric 
Company's  steam  station,  from  the  nature  of  its  load,  cannot 
boast  of  any  long  continued  runs  of  a  single  unit,  its  three 
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20,000  kw.  turbines  have  been  out  of  serviceable  condition  only 
260  machine  days  in  the  total  of  2470  machine  days  which 
have  elapsed  since  the  units  were  first  put  in  service.  This 
gives  a  service  factor  for  the  turbo-generators  of  89^^  per  cent. 
Most  of  our  turbine  troubles  which  have  held  a  unit  out  of 
serviceable  condition  were  due  to  the  high  temperature  steam 
which  we  are  using,  the  temperature  ranging  from  650  deg. 
to  700  deg.  fahr. 

The  Chairman  :  Is  Mr.  W.  S.  Finlay,  Jr.,  superintendent 
of  Motive  Power  of  the  Interborough  Rapid  Transit,  New  York 
City,  here? 

Mr.  Finlay  :  I  wish  to  cover  my  discussion  of  the  Com- 
mittee's report  under  two  captions,,  as  follows : 

I.—THE  REPORT  AS  A  WHOLE: 

I  have  been  impressed  with  the  fact  that  the  report  is  a  most 
valuable  compilation  of  data  and  information  presented  as  the 
best  efforts  of  representative  engineers  and  organizations.  For 
this  reason,  if  for  no  other,  reports  of  the  preceding  years  and 
those  that  are  to  come,  should  have  been  and  should  be  corre- 
lated by  presentation  in  a  standard  form.  This  would  serve  a 
number  of  purposes,  primarily  important  among  which  would  be : 

1. — Eliminating  the  necessity  of  repeating  the  substance  mat- 
ter of  previous  reports,  either  intentionally  or  unintentionally,  in 
abstract  or  in  detail,  thus,  for  instance,  reducing  considerably  the 
bulk  of  the  present  report. 

2. — Permitting  indexing  and  facilitating  the  use  of  this  and 
other  reports  for  reference  purposes. 

Addenda  could  readily  be  made  to  such  a  standard  form  as 
occasion  and  the  development  of  the  art  might  seem  to  make  de- 
sirable or  necessary. 

II.— OPERATION  OF  LARGE  TURBINE  UNITS: 

Your  Committee  suggested  that  as  bearing  upon  the  desira- 
bility of  installation  of  large  turbine  units,  I  might  be  in  a  posi- 
tion to  report  in  reference  to  the  operation  of  such  equipment,  as 
a  result  of  my  experience  in  the  past  few  years. 

In  1914  my  predecessor,  Mr.  H.  G.  Stott,  placed  in  service 
at  the  74th  Street  Power  Station  of  the  Interborough  Rapid 
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Transit  Company,  the  first  of  three  30,000  kw.  compound,  dou- 
ble-element units  of  the  Westinghouse  type.  As  to  the  economic 
features  of  the  operation  of  these  machines,  I  reported  tests 
upon  the  same  before  the  American  Society  of  Mechanical  En- 
gineers in  1916,  the  report  being  generally  published  and  avail- 
able, hence  requiring  no  repetition. 

As  to  their  reliability  of  operation  I  can  direct  your  atten- 
tion to  curves  which  I  recently  developed  and  which  have  been 
published  by  the  Westinghouse  Company  in  its  advertising  col- 
umns in  the  technical  press. 

To  this  equipment  we  have  added  a  60,000  kw.  unit,  having 
a  maximum  capacity  of  70,000  kw.,  also  of  the  compound  type 
but  consisting  of  three  elements,  one  high  and  two  low.  This 
machine  has  now  been  in  operation  for  some  months  and  detailed 
descriptions  of  the  installation  have  also  been  published. 

At  the  59th  Street  Power  Station  of  the  same  company  we 
are  installing  three  35,000  kw.  units  of  the  single  cylinder  type 
which  are  not  as  yet  in  complete  operation. 

You  are  undoubtedly  familiar  with  the  fact  that  the  bal- 
ance of  the  74th  Street  plant  is  made  up  of  a  number  of  double, 
horizonal-vertical,  cross-compound  7500  kw.  engine  generator 
units  of  the  Allis  type,  and  a  single  Westinghouse  turbine  of 
about  the  same  rating. 

At  59th  Street  there  are  nine  engine  units  of  approximately 
the  same  capacity,  five  of  which  exhaust  into  and  operate  in  con- 
nection with  vertical  low  pressure  Curtis  turbines,  whose  capa- 
city is  also  about  7500  kw.  each. 

To  summarize:  We  rate  for  convenience  the  installed  tur- 
bine and  engine  capacity  at  the  74th  Street  Power  Station  as 
180,000  kw.  with  a  maximum  of  190,000  kw.;  the  59th  Street 
Station,  upon  completion  of  the  present  turbines,  at  195,000  kw. 
with  a  maximum  of  210,000  kw.,  using  as  our  basic  unit  30,000 
kw.  When  consideration  is  given  to  the  capacity  of  the  plants 
concerned,  a  basic  unit  of  that  particular  size  does  not  seem  out 
of  proportion  nor  in  variance  with  accepted. practice. 

As  a  matter  of  interest,  continuity  of  service  is  insured  in 
the  following  manner:  Spare  turbine  or  engine  capacity  to  the 
extent  of  15,000  kw.  is  maintained  floating  upon  the  line  at  each 
plant,  making  a  total  of  30.000  kw.  for  the  two  plants.    The  tie- 
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lines  between  the  two  stations  have  a  maximum  available  capa- 
city of  30,000  kw.,  15,000  of  which  is  used  for  ordinary  or 
continuous  service.  We  are  thus  in  a  position  at  any  time  to 
cut  out  a  30,000  unit  at  either  plant,  simply  falling  back  upon 
the  floating  spare  capacity  of  both  plants  to  take  up  the  load, 
incidentally,  it  being  desirable  to  have  each  plant  carry  its  own 
load.  It  is  an  interesting  fact  that  under  such  conditions  the 
15,000  floating  capacity  is  carried  without  any  lowering  of  the 
plant's  efficiency. 

As  to  our  experience  with  the  physical  characteristics  of 
large  turbines  and  with  particular  reference  to  those  with  which 
we  have  had  the  longer  experience,  I  may  say  that  our  operation 
of  them  has  emphasized  one  particular  fact,  that  is,  that  due  con- 
sideration must  be  given  to  operating  refinements,  but  when 
given,  such  operation  becomes  routine,  only  differing  in  its  char- 
acter from  that  in  connection  with  the  old  engine-driven  equip- 
ment.    ( Applause. ) 

The  Chairman  :  These  expressions  of  opinion  should 
study  not  only  the  engineering  end,  but  should  also  take  in  the 
operating  end.  To  speak  on  this  point  we  will  now  ask  Mr. 
Philip  Torchio  of  New  York  City  to  say  a  few  words. 

Philip  Torchio:  I  endorse  what  Mr.  Finlay  and  Mr. 
Abbott  said  regarding  the  situation  of  the  large  turbo  units.  I 
would  add,  however,  a  few  words  in  regard  to  the  impression 
which  some  people  have  that  there  is  a  definite  limit  of  size  of 
single  shaft  units,  variably  put  between  20,000  and  40,000  kw. 
which  cannot  be  exceeded  with  safety.  This  is  not  true.  In 
fact,  there  is  no  limit  to  the  size,  provided  you  lower  the  speed, 
so  that  a  90,000  or  100,000  kw.  unit  is  perfectly  feasible.  Other 
considerations,  foreign  to  the  question  of  safety,  may  make  these 
large  units  undesirable.  In  the  case  of  the  troubles  experienced, 
it  may  be  that  to  some  extent  they  have  been  due  to  the  fact  that 
for  that  special  speed  manufacturers  tried  to  extract  a  little  too 
much  power,  but  had  they  taken  a  lower  speed  design  they  could 
safely  have  made  the  machine  considerably  larger.  It  is  true 
that  some  designs  do  not  lend  themselves  to  the  construction  of 
immense  wheels  for  large  low  speed  machines,  but  other  designs 
may  be  used  for  larger  machines,  if  needed.     In  other  words, 
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we  must  not  be  carried  away  by  the  misconception  due  to  some 
few  failures  tp  curb  the  progress  of  the  art.  I  repeat  that  we 
may  not  want  a  100,000  kw.  single  shaft  unit,  as  there  are  only 
one  or  two  stations  that  could  use  it  to  advantage,  but  that  is 
another  consideration. 

As  Chairman  of  the  Power  Stations  Committee  of  the 
American  Institute  of  Electrical  Engineers,  I  take  this,  occasion 
to  notify  you  that  I  have  secured  the  cooperation  of  two  promi- 
nent manufacturing  engineers  to  prepare  engineering  papers  in 
relation  to  the  possibilities  of  design  and  size  for  practical 
studies  of  single  shaft  units.  I  expect  these  papers  will  be  pre- 
sented at  the  November  meeting  of  the  American  Institute  of 
Electrical  Engineers,  and  I  hope  that  all  those  interested  in  this 
subject  will  participate  in  the  discussion  and  take  part  in  the 
meeting. 

The  Chairman  :  I  see  Mr.  Junggren  of  the  General  Elec- 
tric Company.  Will  you  come  forward,  Mr.  Junggren,  and  say 
a  few  words? 

O.  Junggren,  Schenectady,  N.  Y. :  Gentlemen,  in  making 
statements  in  connection  with  large  turbines  I  could  not  make  a 
statement  any  clearer  or  more  to  the  point  than  has  been  made 
by  the  General  Electric  Company  in  this  report. 

You  all  know  the  difficulties  which  everyone  faced  during 
the  war,  and  also  during  the  period  preceding  the  war.  You 
know  how  difficult  it  was  to  obtain  suitable  material;  also  what 
everyone  had  to  contend  with  in  connection  with  work  in  the 
engineering  division,  the  drafting,  and  the  work  of  actual  labor. 

A  contributing  cause  of  the  trouble  which  occurred  to 
some  of  our  turbines  was  the  tremendous  program  to  make  ma- 
chinery for  the  Navy,  and  also  for  the  Emergency  Fleet  Corpor- 
ation. The  volume  of  business  practically  doubled  during  the 
period  of  the  war,  and  it  was  necessary  to  utilize  the  personnel 
of  all  the  various  departments  in  order  to  carry  out  the  program. 
I  think  the  General  Electric  Company  carried  out  this  program 
very  well,  and  it  actually  did  furnish  a  large  amount  of  durable 
machinery  for  the  ships  which  were  built. 

Our  turbine  business  suffered  in  all  its  branches,  and  what- 
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ever  mistakes  or  difficulties  you  encountered  were  due  not  only 
to  defects  and  difficulties  of  materials  and  workmanship  bur  to 
the  condition  under  which  all  branches  had  to  work. 

To  show  you  the  progress  that  was  made  in  the  manufac- 
ture of  ship  machinery,  I  want  to  mention  one  item  and  that  is 
that  the  Company  is  now  shipping  out  complete  destroyer  tur- 
bines that  will  not  see  the  hulls  they  are  to  go  in  for  two  years 
to  come. 

There  is  no  reason  for  apprehension  that  we  will  not  be  able 
to  carry  out  our  obligations  on  the  turbines  that  we  have  begun. 
We  are  now  using  all  our  facilities  to  correct  as  promptly  as 
possible  the  difficulties  we  have  had.  I  fully  realize  that  some 
of  you  gentlemen  think  this  work  should  go  faster  than  it  is 
going.  There  is  no  reason  to  doubt  that  the  turbines  will  be  as 
reliable  and  give  as  good  continuity  of  service  as  any  station 
may  require.     (Applause.) 

The  Chairmajt  :  We  would  like  to  hear  from  Mr.  SnifFen 
of  the  Westinghouse  Machine  Company. 

E.  H.  Sniffen,  Pittsburgh:  I  have  only  a  few  words  to 
say  on  this  subject. 

I  think  that  problems  embraced  in  the  design  of  steam  tur- 
bines are  as  important  as  those  in  any  branch  of  engineering 
with  which  we  have  to  deal.  I  think  there  can  be  no  doubt  of 
that.  The  situation  has  been  that  from  the  beginning  of  the 
turbine  business,  something  like  eighteen  or  nineteen  years  ago, 
the  engineering  enterprise  involved  in  the  designing  of  steam 
turbines  has  been  left  largely  to  the  manufacturers  themselves. 
I  think  there  is  nothing  more  creditable  in  the  annals  of  the 
engineering  profession  in  this  country  than  the  progress  which 
the  turbine  manufacturers  have  made  in  bringing  forward  these 
large  prime  movers,  upon  which  the  electrical  industry  has  so 
much  depended.  But  I  look  forward  to  the  time  when  we  shall 
see  greater  cooperation  between  us  all.  I  think  it  is  a  good 
thing  that  different  types  of  turbines  have  been  built  by  the  dif- 
ferent manufacturers,  representing  different  schools  of  thought. 
Now  that  the  manufacturers  have  evolved  their  designs  to  a 
very  full  degree,  so  that  we  are  all  pretty  well  acquainted  with 
the  possibility  of  the  various  types,  I  believe  the  thing  we  should 
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strive  for  is  a  little  more  of  the  standardization  and  coopera- 
tion of  thought  that  we  find  in  electrical  apparatus.  I  think 
there  is  no  good  economic  reason  to  justify  such  wide  departures 
in  practice.  We  have  had  20  years  of  experience,  so  why  cannot 
we  get  closer  together  as  we  have  done  under  the  jurisdiction  of 
the  American  Institute  of  Electrical  Engineers,  and  as  we  have 
done  in  the  National  Electric  Light  Association  ? 

I  do  not  think  there  should  be  so  much  diversity  of  opinion 
and  I  believe  the  development  to  be  looked  forward  to  will  be 
the  result  of  a  greater  degree  of  interchange  of  opinion  between 
the  manufacturers  and  the  engineers  who  have  to  live  with  these 
machines,  and  who  must  have  some  ideas  about  them. 

It  is  generally  considered  that  the  satisfactory  operation 
of  a  large  turbine  depends  upon  the  details  of  design,  and  I 
must  say  very  frankly  I  think  the  manufacturer  has  been  too 
long  permitted  to  evolve  his  ideas  without  more  insistent  coop- 
eration on  the  part  of  the  operating  people.  So,  speaking  from 
the  manufacturing  standpoint,  I  think  we  would  all  welcome  a 
greater  degree  of  interest  in  these  machines  than  we  have  had. 
Meanwhile  we  will  build  them  the  best  we  know  how.  (Ap- 
plause.) 

The  Chairman  :  We  have  not  much  time  left  for  general 
discussion  on  the  turbine  problem,  and  we  would  like  to  hear 
from  a  few  of  our  members  at  least.  Does  anyone  desire  to  dis- 
cuss this  question  ? 

H.  B.  Bryans.  Norristown,  Pa. :  We  recently  started  a  5000 
kw.  unit  at  our  plant  in  Norristown,  and  I  was  surprised  to  find 
that  the  manufacturer  insisted  upon  having  the  point  at  which 
the  automatic  speed  trip  out  will  operate  5  per  cent  above  nor- 
mal. I  find  that  5  per  cent  above  normal  is  not  sufficient  to 
take  care  of  surges  and  changes  of  speed  which  take  place  in 
short  circuits.  Has  the  Committee  considered  that  problem, 
and  if  so,  to  what  conclusion  did  it  arrive  ? 

The  Chairman:  Any  one  else?  We  will  not  answer  de- 
tailed questions  now.  We  will  make  a  note  of  them,  and  have 
the  Committee  answer  you  direct.  That  is  more  a  generator  than 
a  prime  mover  problem. 
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We  will  proceed  to  the  next  subject  on  the  program,  "High- 
er Steam  Pressures,"  and  I  will  ask  Mr.  Richard  Rice,  of  the 
General  Electric  Company  of  Lynn,  Mass.,  to  open  the  dis- 
cussion. 

Mr.  Rice:  Mr.  Chairman  and  Gentlemen,  I  have  been 
much  interested  for  some  time  past  in  the  question  of  the  utili- 
zation of  higher  steam  pressures  for  turbines,  since  it  is  one  of 
the  obvious  and,  I  believe,  one  of  the  practical  methods  of  ex- 
tending the  range  of  available  energy  which  can  be  derived  from 
the  fuel  which  we  bum  under  our  boilers.  I  believe  that  the 
additional  available  energy  thus  put  at  our  disposal  can  be  util- 
ized to  increase  the  output  of  current  from  that  fuel;  in  other 
words,  increased  output  without  increase  of  fuel  consumption. 

This  is  one  of  several  methods  now  available  by  which  we 
can  increase  the  output  from  our  fuel.  Another  of  these 
methods  is  by  increasing  the  vacuum  at  the  last  turbine  wheel. 
This  may  be  done  by  improved  methods  of  arranging  the  tubes 
in  our  siu*face  condensers  so  that  a  larger  area  of  tube  surface 
for  condensation  may  be  presented  to  the  entering  steam,  and 
by  bolting  the  condenser  directly  to  the  wheel  casing  with  the 
largest  possible  area  of  opening  to  the  condenser. 

Another  method  of  increasing  output  is  by  extracting  heat 
from  the  waste  gases  so  that  these  gases  will  go  up  the  stack  at 
a  temperature  of  125  to  150  degrees  fahr.,  instead  of  400  de- 
grees to  500  degrees,  as  is  common  in  our  best  plants.  This  may 
be  done  by  additional  feed  water  heating  provisions  at  a  reason- 
able expense,  and  the  gain  realized  is  considerable. 

The  importance  of  all  these  matters  would  be  shown  if  your 
Committee  would  consider  the  performance  of  plants  with  ref- 
erence to  the  thermal  efficiency  instead  of  with  reference  to 
Rankine  efficiency.  In  other  words,  the  measure  should  be 
percentage  of  power  developed  from  the  available  energy  in  the 
coal  and  delivered  to  the  switchboard. 

The  best  plants  today  give  a  thermal  efficiency  of  18  per 
cent  to  19  per  cent,  whereas  by  attending  to  the  points  above 
mentioned  and  using  steam  at  a  pressure  of  500  pounds  per 
square  inch,  you  can  arrive  at  a  thermal  efficiency  of  25  per  cent 
for  plants  of   very   reasonable  size,  and  in  large  plants  this 
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thermal  efficiency  can  be  raised  to  28  per  cent  or  29  per  cent, 
which  is  ^  gain  well  worth  striving  for. 

Before  utilizing  steam  commercially  at  500  pounds  pres- 
sure, it  will  be  necessary  to  acquire  some  experience,  which 
experience  can  best  be  gained  by  building  a  plant  containing 
units  of  2,000  to  3,000  kw.  capacity;  and  this  plant  will  be  a 
thoroughly  commercial  proposition  as  soon  as  it  has  been 
operated  long  enough  to  develop  the  small  difficulties  which  are 
likely  to  arise  in  making  a  substantial  increase  in  steam  pressure 
of  this  nature.  After  this  point  has  been  reached,  it  will  be  wise 
to  proceed  to  the  construction  of  a  plant  with  large  units. 

The  step  upwards  to  500  pounds  pressure  is  fully  war- 
ranted by  the  experience  which  has  been  obtained  with  plants 
where  the  steam  pressure  is  300  to  350  pounds. 

In  designing  plants  to  be  operated  at  this  high  pressure, 
it  seems  to  me  that  a  different  arrangement  of  imits  would  be 
desirable  so  that  the  steam  pipe  may  be  made  of  minimum 
length.  In  other  words,  the  steam  turbine  should  be  located  as 
close  as  possible  to  the  boiler. 

The  Chairman  :  Is  Mr.  A.  L.  Meyer,  of  the  Lukens  Steel 
Company,  of  Coatesville,  Pa.,  in  the  room? 

Mr.  Meyer:  As  far  as  I  am  able  to  read  this  report,  all 
the  manufacturers  who  would  make  up  apparatus  to  give  higher 
steam  pressures  seem  to  point  to  the  boiler  as  the  object  of 
which  they  want  to  make  certain.  Except  for  the  few  plants 
herein  reported  as  using  higher  steam  pressures,  I  have  not 
been  able  to  find  any  actual  boiler  test  in  which  this  subject  has 
been  covered. 

But  from  the  steel  maker's  point  of  view  we  feel  entirely 
confident  that  the  use  of  the  present  standard  low  carbon  steel 
of  50,000  to  60,000  tensile  strength  per  square  inch  will  give 
those  qualities  necessary  for  boilers  which  are  to  stand  the  high- 
er steam  pressures. 

Experiments  performed  on  the  physical  qualities  of  this  low 
carbon  boiler  steel  point  to  the  fact  that  up  to  a  temperature  of 
approximately  700  deg.  fahr.  the  tensile  strength  of  that  steel, 
and  likewise  its  elastic  limit,  remains  equal  to  100  per  cent  of 
its  original  or  better.     In  other  words  when  the  temperature 
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exceeded  700  deg.  fahr.,  the  curve  depicting  the  physical  proper- 
ties dropped  abruptly  and  showed  qualities  which  are  not  to  be 
trusted.  Examination  of  the  chart  in  the  Report  shows  that 
point  very  clearly.  This  chart  is  taken  as  representative  of  the 
different  classes  of  steel  mentioned  for  boiler  work  and  the  ex- 
periments were  performed  by  Dr.  Huston,  Lukens  Iron  and 
Steel  Co.,  in  1878 ;  and  by  J.  E.  Howard,  Watertown  Arsenal, 
Mr.  Coleman  of  Oberhurst  University  and  the  Shelby  Steel 
Tube  Company  at  a  much  more  recent  date.  The  work  of  each 
of  the  experimenters  corroborates  the  pioneer  work  of  Dr. 
Huston. 

The  contents  of  the  letter  from  Mr.  C.  L.  Huston,  vice- 
president  Lukens  Steel  Company,  reprinted  in  the  Report  is  a 
very  able  discussion  of  this  subject  and  is  self-explanatory  with 
regard  to  the  reason  of  the  weakening  of  these  steels  above  a 
temperature  of  700  deg.  fahr. 

In  England,  in  the  manufacture  of  Scotch  Marine  Boilers, 
they  use  steel  which  has  a  minimum  tensile  strength  of  74,000 
pounds,  which  might  cause  some  consideration  from  the  point 
of  its  strength,  but  from  the  viewpoint  of  higher  carbon  con- 
tents necessary  to  make  this  strength  and  the  uncertain  condi- 
tion of  segregation,  which  must  necessarily  increase  with  in- 
creased carbon  contents,  this  steel  is  not  suggested.  Therefore, 
the  standard  low  carbon  steel  of  a  50,000  to  60,000  pounds 
tensile  strength,  with  segregation  at  a  minimtun  is  the  proper 
steel  to  use  for  boilers  in  which  higher  steam  pressures  are 
made. 

Should  greater  strength  be  required  in  the  plates  making 
up  these  boilers,  it  is  the  most  fitting  suggestion  that  this  strength 
be  made  up  in  actual  thickness  of  the  plate  and  that  the  present 
low  carbon  boiler  steels  still  remain  as  standard. 

The  Chairman:  Does  anyone  else  wish  to  say  something 
on  the  higher  steam  pressures?  I  am  sure  someone  else  in  the 
room  has  dreamed  about  this  day  of  higher  steam  pressures ;  we 
do  not  care  whether  it  is  for  or  against. 

I.  E.  MouLTROP,  Boston:  Mr.  Chairman  and  gentlemen, 
the  subject  of  higher  steam  pressure  or  temperature  for  steam 
prime  movers  is  something  which  we  have  all  considered  very 
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carefully.  There  is  no  argument  against  it  from  the  thermo- 
dynamic standpoint  and  it  remains  for  somebody  to  work  it  out. 
The  chief  limitation  today  seems  to  be  in  the  material  to  be 
used  for  and  the  design  of  the  boiler.  Present  boiler  designs 
limit  the  pressure  to  about  350  pounds,  and  to  go  higher  requires 
an  entirely  new  design,  which  apparently  the  boiler  manufactur- 
ers do  not  desire  to  attempt  until  there  is  a  sufficient  demand  for 
it.  While  there  is  a  definite  temperature  limit  imposed  by  the 
commercial  steels,  I  think  this  limit  is  sufficiently  high  to  enable 
us  to  go  a  long  ways  towards  utilizing  the  advantages  of  higher 
pressures.  I  believe  the  next  step  is  for  some  one  actually  to 
build  a  small  plant  of  say  3000  to  5000  kilowatt  capacity,  going 
to  the  maximum  temperature  and  pressure  that  the  commercial 
materials  will  allow;  that  is,  probably  around  700  deg.  fahr., 
and  this  would  probably  mean  a  boiler  pressure  of  arotmd  500 
with  moderate  superheat.  This  is  an  expensive  undertaking, 
and  I  think  that  none  of  the  utility  companies  today  would  care 
to  undertake  it. 

I  believe  that  if  the  member  companies  of  this  Association 
asked  the  principal  manufacturers  of  boilers,  turbines  and  auxil- 
iaries to  combine  on  the  construction  of  such  a  plant,  a  way 
could  be  found  to  put  through  this  project  without  imposing  an 
unreasonable  financial  burden  on  any  one  company.  I  strongly 
recommend  that  some  such  action  be  taken.  An  experimental 
plant  of  this  kind  can  be  built  somewhere  in  this  country  where 
its  output  can  be  used  commercially  and  such  a  development 
would  be  a  great  help  to  the  industry. 

With  the  rising  prices  of  fuel  and  labor  it  is  imperative  that 
some  methods  be  found  whereby  the  cost  of  producing  electric 
energy  is  not  only  kept  within  present  limits,  but  materially  re- 
duced, and  there  is  no  question  but  a  greater  economy  can  be 
shown  by  going  to  higher  steam  pressures  than  by  any  other 
expedient  which  has  been  considered  within  recent  years. 

The  Chairman  :  Has  any  one  else  anything  to  say  ?  If  not, 
we  will  proceed  to  the  next  topic — Boilers  and  Superheaters.  I 
have  asked  Mr.  P.  C.  Idell,  of  The  Babcock  &  Wilcox  Company, 
to  open  the  discussion. 

P.  C.  Idell,  New  York:     Mr.  Chairman  and  Gentlemen, 
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Your  committee  has  gone  into,  this  very  thoroughly  and  has 
covered  the  main  points  in  boiler  practice  today,  and  if  you 
would  ask  me  for  a  short  concise  discussion  on  the  subject;  I 
would  approve  it  as  written. 

Looking  at  it  in  detail,  and  taking  the  topics  in  the  order 
mentioned,  considerable  improvement  has  been  made  in  thQ 
design  of  furnace  walls  and  materials  used  in  their  construction, 
but,  for  long  life,  we  would  like  to  emphasize  the  need  of  avoid- 
ing pressure  above  the  fire. 

Aside  from  the  erosion  caused  by  blow-pipe  action,  most 
of  the  rapid  deterioration  of  furnace  walls  is  caused  by  carrying 
a  pressure  or  nearly  neutral  draft  above  the  furnace  bed  when 
operating  the  boilers  in  response  to  emergencies  or  peak  loads. 
At  least  0.10  draft  should  be  carried  over  the  furnace  bed  at  all 
times. 

We  have  been  interested  in  several  designs  of  patented  baf- 
fles that  are  now  on  the  market  but  until  these  are  more  nearly 
perfected  we  are  still  recommending  our  own  design. 

Some  means  of  ventilation  should  be  provided  in  the  back 
and  side  walls  and,  I  should  like  to  add,  in  the  front  wall  also, 
as  that  is  where  most  of  this  trouble  starts. 

We  are  now  cooperating  with  the  stoker  companies  and  this 
cooperation,  with  the  benefit  of  your  experience,  is  helping  us 
in  designing  a  construction  that  will  be  more  durable. 

The  introduction  of  a  small  amount  of  air,  through  prop- 
erly located  and  proportioned  air  inlets  in  the  side,  front  and 
rear  walls  of  the  furnace,  at  or  near  the  top  of  the  fuel  bed, 
has  resulted  in  a  material  decrease  in  repairs  and  consequent 
prolongation  of  the  life  of  furnace  walls,  without  any  noticeable 
effect  on  the  efficiency. 

Boiler  Forcing  Rates 

We  agree  with  the  Committee  that  there  has  been  a  reac- 
tion in  the  maximum  outputs,  and  this  is  very  clearly  stated 
where  the  Committee  suggests  you  must  take  into  consideration 
the  ratio  of  heating  surface  to  grate  surface. 

It  is  easy  to  lose  sight  of  the  fact  that  furnace  conditions 
incidental  to  the  operation  of  the  boiler  at  400  per  cent  of  its 
normal  rating,  where  the  rate  of  heating  surface  to  grate  sur- 
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face  is  30  to  1,  are  ver>  dififerent  from  the  furnace  conditions 
when  operating  at  400  per  cent  of  its  rating,  a  boiler,  the  heating 
surface  of  which  is  about  75  times  the  area  of  the  grate.  The 
decision  as  to  the  best  amount  of  heating  surface  to  be  used  is 
a  problem,  in  each  case  depending  upon  the  kind  of  fuel,  its 
heating  value,  its  burning  characteristics  and  variation  in  the 
output  required  from  the  unit.  Maximtun  overload  capacity 
of  300  per  cent  might  be  better  practiced  in  one  station  tluui  200 
or  even  150  per  cent  maximum  overload  capacity  in  another. 

I  am  pleased  to  note  the  careful  way  in  which  your  Com- 
mittee has  called  attention  to  loss  of  draft  through  the  boiler  at 
various  ratings.  It  is  very  important  to  realize  this  loss.  Also, 
this  loss  is  a  direct  factor  of  the  volume  of  the  products  of  com- 
bustion and  will  occur  at  high  ratings  with  good  combustion 
and,  also,  at  low  ratings  where  there  is  a  large  amount  of  excess 
air. 

A  series  of  exhaustive  experiments  with  various  kinds  and 
makes  of  tubes  has  demonstrated  pretty  clearly  that  if  it  is 
kept  clean  inside  and  outside,  little  trouble  will  be  experienced 
with  any  boiler  tube.  A  steam  boiler  is  a  concentrator  of  the 
mixture  of  water  and  other  things  which  it  receives  from  the 
feed  pump,  and  it  is  expected  to  deliver  only  piu-e  water  vapor. 
The  harder  a  boiler  is  driven,  the  more  rapidly  it  concentrates, 
so  that  the  purification  and  treatment  of  feed  water  have  be- 
come a  much  more  important  factor  of  plant  operation  than  be- 
fore high  rates  of  fuel  combustion  were  considered  good  prac- 
tice. A  certain  amount  of  concentration  seems  to  be  necessary, 
and  the  consequence  of  too  much  of  it  is  so  serious,  under  the 
present  operating  conditions,  that  constant  vigilance  and  tests 
of  the  water  contents  of  a  boiler  are  necessary,  and  an  ever 
present  operating  problem. 

Assuming  the  interior  of  the  boiler  tubes  to  be  kept  nearly 
free  from  scale  or  other  non-conducting  material,  and  assum- 
ing the  exterior  of  the  tubes  protected  from  blow-pipe  action 
and  sufficiently  removed  from  the  intense  radiant  heat  of  the 
fuel  bed,  it  is  true  that  the  limit  to  the  steam  generating  capa- 
city of  any  well  designed  boiler  is  the  limit  to  the  amount  of  fuel 
which  can  be  burned  in  the  furnace.  The  higher  the  rate  of  heat- 
ing surface  to  the  grate  surface,  the  greater  the  care  to  be  taken 
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with  regard  to  the  disposition  of  boiler  heating  surface  with  re- 
lation to  fuel  and  furnace  conditions. 

Cleaning  External  Heating  Surface 

Experience  with  mechanical  soot  blowers  is  being  followed 
by  improvements  in  their  design  and  location,  which  seem  to 
make  them  a  necessity  in  every  well  designed  power  plant. 

Feed  Water  Regulators 

We  believe  in  feed  water  regulators,  but  not  to  the  extent 
that  you  omit  constant  visual  attention. 

Superheaters 
The  superheater  is  not  fitted  to  an  inflexible  design  of 
boiler.  Before  we  offer  a  superheater  we  ask  for  your  service 
conditions  and  then  consider  the  proper  width,  height  and  length 
of  boiler  for  this  service.  At  the  same  time  we  select  the  proper 
design  of  superheater,  and  the  boiler  and  superheater  are  studied 
as  a  unit  to  give  you  the  proper  pressure  and  temperature  of 
steam  throughout  your  range  of  operating  conditions. 

Coating  Exterior  Surfaces  of  Settings 

I  have  seen  a  number  of  these  preparations  in  service  and 
reports  are  in  their  favor.  I  might  make  a  suggestion — that 
while  a  thin  coat  may  be  enough  to  answer  the  purpose  from  a 
standpoint  of  boiler  efficiency,  a  thicker  coat,  applied  more  as 
a  wall  plaster,  would  improve  the  appearance  of  the  setting. 

The  Chairman:  Is  Mr.  Robert  Wyld  of  the  Power  Spe- 
cialty Company  here? 

Robert  Wyld,  New  York  City.  Mr.  Chairman  and  Gentle- 
men, In  regard  to  the  superheater  matter,  the  report  covers  the 
main  subject  very  fully,  but  there  are  a  few  points  that  I  thought 
it  might  be  of  interest  to  bring  out.  A  very  important  point  is 
the  condition  under  which  the  superheater  has  to  operate  in  re- 
lation to  the  boiler.  It  is  very  necessary  that  the  condition  of  the 
steam  shall  be  proper  to  give  the  best  results  in  the  superheater. 
Moisture  is  not  good  when  supplied  to  a  superheater  in  excess. 
The  superheater  is  designed  to  superheat  steam  and  not  to  evap- 
orate water. 
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Then  another  point  is  the  question  of  properly  cleaning  the 
superheater;  and  in  that  connection  I  think  the  superheater 
should  be  considered  as  a  good  indicator  of  conditions  in  the 
boiler.  If  solid  matter  is  carried  into  the  superheater  with  the 
steam,  that  will  have  a  bad  effect  on  the  superheater  and  its 
operation,  decreasing  efficiency  and  eventually  causing  failure 
if  not  attended  to.  Keeping  the  superheater  clean  on  its  outside 
surface  is  also  necessary  to  give  the  best  results.  The  super- 
heater cleaning  on  the  inside  should  be  done  away  with  by  get- 
ting at  the  trouble  at  its  source,  thus  getting  rid  of  the  trouble 
before  it  gets  to  the  superheater.  Superheaters  can  be  washed 
free  from  any  sediment  that  is  carried  over  by  the  steam.  To 
keep  the  outside  surfaces  clean,  permanent  soot  blowers  are  de- 
sirable so  as  to  get  the  best  obtainable  efficiency  from  the  super- 
heater proper. 

One  of  the  Committee  members  stated  to  me  that  the  ques- 
tion of  superheater  design  was  of  interest  to  many  members — 
Mr.  Primrose,  our  chief  engineer,  is  here,  and  I  would  like 
to  have  you  hear  from  him  on  superheater  specifications.  This 
idea  of  using  a  proper  superheater  specification  is  of  much  value. 

The  Chairman:  We  will  be  very  glad  to  hear  from  Mr. 
Primrose. 

John  Primrose,  New  York  City:  Mr.  Idell  and  Mr.  Wyld 
have  called  attention  to  interesting  points,  and  I  should  like  to 
emphasize  Mr.  Idell's  suggestion  of  the  need  for  more  complete 
superheater  specifications.  The  performance  of  the  superheater 
is  influenced  very  largely  by  the  kind  of  fuel,  method  of  burn- 
ing and  the  evaporation  per  square  foot  of  boiler  heating  sur- 
face, and  these  should  all  be  specified,  as  well  as  the  usual  steam 
pressure,  to  enable  the  proper  proportion  and  arrangement  of 
heating  surface  to  be  selected. 

The  report  of  your  Committee  mentioned  the  restricted 
space  usually  provided  by  the  boiler  builder  for  superheaters, 
but  of  late  better  cooperation  between  the  boiler  and  superheater 
builders  is  correctmg  this  condition,  so  that  more  desirable  super- 
heater arrangements  can  be  worked  out,  making  the  superheater 
surface  more  effective.  This  makes  the  higher  temperatures 
called  for  by  recent  practice  entirely  possible. 
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For  extremely  high  temperatures  or  where  some  t)rpes  of 
boilers  are  used,  a  separately  fired  superheater  may  be  desirable. 
A  new  design  recently  put  into  operation  demonstrates  that  such 
superheaters  can  be  operated  at  an  efficiency  at  least  as  good  as 
the  boiler  efficiency.  The  difficulty  heretofore  has  been  that  high 
furnace  temperatures  could  not  be  carried  without  damage  to 
the  heating  surface.  This  has  been  overcome  by  providing  ele- 
ments of  special  construction  directly  over  the  furnace — some- 
times forming  the  stoker  arch — ^and  these  elements  reduce  the 
temperature  of  gases  entering  the  usual  heating  surface  by  the 
amount  of  radiant  heat  absorbed.  In  this  way  high  furnace 
temperatures  are  safely  carried  and  the  gases  cooled  to  within  a 
few  degrees  of  the  temperature  of  the. entering  stream. 

David  B.  Rushmore,  Schenectady,  N.  Y. :  In  connection 
with  the  discussion  of  the  use  of  higher  steam  pressures,  it 
would  be  of  interest  to  obtain  the  results  of  work  done  at  Cornell 
University  in  the  years  1894,  1895,  and  1896  with  pressures 
ranging,  as  I  remember,  from  600  to  800  pounds.  This  steam  was 
generated  in  a  specially  designed  boiler  and  was  utilized  in  a 
quadruple  expansion  engine.  Tjhe  descripton  of  the  apparatus 
and  machinery  used  and  the  results  of  the  test  must  be  on  file  at 
Cornell. 

O.  JuNGGREN,  Schenectady,  N.  Y. :  It  is  indeed  a  vital  ques- 
tion to  consider  higher  steam  pressures.  We  are  reaching  out 
continuously  for  improvements,  and  as  long  as  we  use  steam  as 
a  medium  we  must  ascertain  how  we  can  utilize  steam  to  best 
advantage.  We  can  go  into  only  the  upper  range,  as  the  lower 
range,  which  is  dependent  on  temperatures  of  condensing  wa- 
ter, has  practically  been  reached.  One  way  is  to  use  superheated 
steam,  bringing  it  to  a  temperature  as  high  as  it  is  practical  and 
feasible  to  go,  but  that  is  not  the  real  thing.  The  pressure 
should  be  increased,  at  the  same  time  keeping  the  temperature  as 
high  as  is  practical  with  the  higher  pressure,  as  the  higher  the 
pressure  you  go  to  the  more  steam  you  are  transforming  into 
water  in  the  turbine.  If  we  could  transform  all  the  steam  into 
water  in  the  turbine  and  get  rid  of  the  condenser  we  would 
have  the  ideal  condition.    We  do  not  know  how  to  do  this  and, 
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therefore,  every  per  cent  of  reduction  in  the  quantity  of  steam 
that  is  sent  to  the  condenser  is  a  clear  gain. 

We  consider  it  feasible  to  design  turbines — at  first  for  mod- 
erate sizes  for  pressures  of  600  or  800  pounds  or  even  higher. 
Of  course,  there  will  be  problems  in  the  boiler  as  well  as  in  the 
turbine  and  auxiliaries  that  have  to  be  overcome  when  operat- 
ing under  pressures  as  high  as  800  pounds.  But,  in  my  opinion, 
real  economy  is  to  be  realized  from  increase  in  pressure,  and  not 
from  increase  in  temperature. 

The  Chairman:  All  these  questions  are  inter-related. 
The  main  part  of  the  problem  is  the  production  of  boilers  for 
the  production  of  these  higher  pressures.  Is  there  anything 
else  to  be  said  on  this  subject?    (No  response.) 

''Economizers"  is  next.  We  will  ask  Mr.  Herlan  of  the 
B.  F.  Sturtevant  Company  to  open  the  discussion  on  Econo- 
mizers. 

F.  Herlan,  Hyde  Park,  Boston,  Mass. :  Mr.  Chairman  and 
gentlemen,  the  Committee's  report  on  economizers  is  so  complete 
that  it  leaves  me  very  little  to  say. 

The  question  of  higher  steam  pressures  is  of  interest  to  us 
as  well  as  to  yourselves  and  for  some  three  years  we  have  been 
making  investigations  along  these  lines.  The  present  high  pres- 
sure economizer  is  suitable  for  350  pounds  to  400  pounds.  There 
is  a  table  in  the  report  in  which  we  show  the  ultimate  strength 
in  pounds  per  square  inch  of  the  various  parts  of  our  econo- 
mizer, and  you  will  find  the  smallest  factor  of  safety  to  be  18 
to  1  at  400  pounds  pressure.  Of  course  this  is  based  on  the 
assumption  that  the  material  is  not  defective. 

We  are  now  conducting  experiments,  the  nature  of  which 
I  cannot  disclose,  which,  if  successful,  will  materially  strengthen 
our  economizers,  will  increase  the  transmission  rates  and  im- 
prove the  operation  of  the  scrapers.  It  may  take  us  a  year  or 
two  to  work  out  these  experiments,  but  if  they  are  a  success 
there  will  be  a  great  improvement  in  present  economizer  con- 
struction. 

The  mention  of  scrapers  reminds  me  that,  in  my  reply  to 
the  Prime  Movers  Committee's  question  regarding  cleaning,  I 
referred  to  the  inside  of  the  tubes,  and  it  occurs  to  me  that  pos- 
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sibly  some  mention  was  desired  of  external  cleaning.  I  want  to 
endorse  most  emphatically  what  the  Green  Fuel  Economizer 
Company  has  said.  We  all  admit  that  the  scraper  mechanism  is 
the  weakest  part  of  the  economizer,  although  we  have  also  found 
that  80  per  cent  of  the  troubles  encountered  are  due  to  inatten- 
tion on  the  part  of  the  operators.  If  scrapers  were  given  a  little 
more  attention,  a  large  majority  of  the  troubles  would  be  elim- 
inated. 

In  regard  to  the  pitting  of  tubes,  with  certain  plants  burning 
a  coal  containing  high  percentage  of  sulphur  and  moisture,  the 
gas  contains  a  large  relative  quantity  of  sulphurous  acid  which 
attacks  the  tubes,  particularly  on  the  cold  end  of  the  machine 
where  the  moisture  begins  to  condense.  We  have  tried  painting 
the  tubes,  but  with  very  little  satisfaction.  The  Illinois  Light 
&  Traction  Company  recently  drew  our  attention  to  a  product 
known  as  Gummite,  which  is  acid  proof  and  is  supposed  to  set 
like  a  cement.  I  know  nothing  of  this,  but  suggested  that  the 
Illinois  Company  try  it  out. 

We  are  also  trying  some  experiments  in  Chicago  where  high 
sulphur  Illinois  coal  is  used,  coating  the  interior  parts  of  the 
economizer  with  solution  of  silica,  also  a  lead  alloy.  We  also  in- 
tend to  try  a  harder  grade  of  iron,  although  this  will  not  apply 
to  the  pipes  or  headers. 

We  have  also  been  experimenting  with  water  circulation. 
The  old  method  of  natural  circulation,  where  the  water  came 
in  at  the  bottom,  rose  through  all  of  the  tubes -and  was  taken  off 
at  the  top,  has  been  practically  abandoned  and  modem  econo- 
mizer installations  are  arranged  for  forced  circulation,  usually 
with  three  to  five  passes.  At  the  present  time  we  are  changing 
over  one  machine  to  give  single  section  circulation,  that  is  to 
say,  the  water  will  rise  up  one  section  and  down  the  next 
throughout  the  machine.  While  this  may  give  better  transmis- 
sion, we  are  inclined  to  believe  that  the  loss  of  pressure  in  get- 
ting the  water  through  will  more  than  offset  the  gain  in  trans- 
mission. 

The  Chairman  :  Is  Mr.  C.  S.  Messier  of  the  Green  Fuel 
Economizer  Company  here? 

C.  S.  Messler,  New  York :    Mr.  Chairman  and  gentlemen : 
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This  subject  of  economizers  has  been  so  well  covered  in  this 
report,  and  also  in  the  statements  which  the  manufacturers  have 
made,  that  there  is  very  little  I  can  add. 

I  think  you  will  all  admit  that  to  get  the  higher  efficiencies 
of  the  boiler  plants  which  you  desire,  it  will  be  necessary  to  have 
an  economizer  in  the  equipment.  There  seems  to  be  a  question 
as  to  whether  or  not  the  economizers  will  operate  under  the  high 
pressures.  There  is  a  table  in  the  report  which  shows  that  the 
economizers  have  been  installed  on  pressures  up  to  350  pounds, 
and  are  operating  satisfactorily.  I  think  they  could  be  designed 
for  even  higher  pressures.  But  I  think  it  is  not  necessary  to  put 
an  economizer  under  higher  pressure  as  the  temperature  of 
steam  at  200  pounds  or  250  pounds  pressure  will  give  you  prac- 
tically all  differences  of  temperature  you  need  in  a  central  sta- 
tion. So  it  will  be  possible  to  operate  your  economizer  under 
present  conditions  of  pressure,  and  still  recover  all  the  heat 
from  your  gases  that  it  is  possible  to  recover. 

I  do  not  think  there  are  any  other  points  which  have  not 
been  covered,  which  I  could  take  up  now,  unless  someone  has  a 
particular  question  to  ask  me.     (Applause.) 

The  Chairman:  We  have  heard  from  several  of  the 
manufacturers  on  this  question  of  economizers.  We  would  like 
to  hear  something  pertinent  from  a  user.  I  should  like  to  have 
heard  of  a  possible  reduction  in  the  cost  of  economizers.  I 
know  of  several  instances  in  which  economizers  were  discussed 
for  installation  in  plants,  and  as  soon  as  bids  for  them  were  re- 
ceived, the  discussion  was  discontinued. 

Is  there  anything  further  on  this  subject? 

The  next  question  will  be  Stokers  and  Grates,  and  I  will 
ask  Mr.  H.  M.  Gushing,  of  the  Buffalo  General  Electric  Com- 
pany, to  open  this  discussion. 

Mr.  Cushing:  The  Buffalo  General  Electric  Company, 
on  account  of  its  large  stoker  capacity,  was  able  to  carry  from 
300  to  350  per  cent  rating  on  its  boilers,  even  with  the  poor  coal 
received  under  war  conditions. 

We  now  operate  eleven  1140  h.p.  double  fired  Babcock  & 
Wilcox  boilers,  ten  being  equipped  with  two  15-retort  Riley 
Stokers,   and   one   with   two    12-retort   Westinghouse    Stokers. 
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Roth  types  of  equipments  have  been  operated  up  to  500  per  cent 
of  boiler  rating. 

The  Chairman  :  Mr.  C.  B.  Grady,  of  The  New  York  Edi- 
son Company. 

Mr.  Grady:  Referring  to  coal  storage  and  coal  handling 
and  to  the  prevention  of  heating  and  deterioration  of  coal,  I 
would  like  to  bring  out  a  few  additional  features  of  the  coal 
handling  equipment  at  the  U.  S.  Government  Explosives  Plant, 
Nitro,  West  Virginia,  which  has  been  briefly  described  and  il- 
lustrated on  Pages  109  and  110. 

Each  boiler  house  contains  seventeen  1043  h.p.  water  tube 
boilers,  making  a  total  of  over  35,000  b.h.p.,  the  maximum  coal 
consumption  being  about  3,000  tons  of  coal  per  day.  Boilers  are 
equipped  with  underfeed  stokers. 

The  entire  coal  handling  equipment  for  the  plant  consists 
of  3  locomotive  cranes — 2  in  use  and  1  spare — ^and  2  movable 
crusher  cars  equipped  with  duplicate  crushers,  each  of  which  is 
large  enough  to  handle  the  required  amount  of  coal. 

In  view  of  the  simplicity  and  reliability  of  this  equipment,  it 
was  considered  safe  to  carry  only  a  small  amount  of  crushed 
coal  in  the  bunkers,  the  total  coal  on  hand  (60,000  tons)  being 
divided  as  follows: 

54,000  tons  of  run-of-mine  coal  adjacent  to  and  between 

the  boiler  houses; 
6,000  tons  of  crushed  coal    (two  days'  supply)   in  small 
overhead  bunkers  in  front  of  and  above  the  boilers. 

If  a  fire  should  start  in  the  outdoor  storage,  the  coal  could 
be  shifted  by  the  locomotive  cranes.  If  there  is  a  tendency  to 
heat  in  the  lower  part  of  the  bunkers  containing  crushed  coal, 
no  inconvenience  will  be  encountered  as  the  coal  will  run  down 
into  the  boiler  furnaces  in  a  few  hours. 

The  Chairman:  We  would  like  to  hear  from  Mr.  T.  A. 
Marsh,  of  the  Green  Engineering  Company,  Chicago. 

Mr.  Marsh:  Much  of  importance  has  been  written  about 
clinker  removal.  The  paragraph  on  page  82  relative  to  ash  and 
clinker  removal  is  interesting.  Stokers  of  the  "K"  or  "L"  type 
are  particularly  adapted  to  high  ash  coals  or  to  coals  whose  ash 
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fuses  at  a  low  temperature  (that  is,  clinkering  coals),  also  to  the 
low  ash  coking  coals  of  the  East.  Green  Chain  Grates  and  **L" 
type  stokers  remove  the  ash  continuously  from  the  furnace,  so 
that  there  is  no  clinker  fgrmation  or  periodic  dumps.  Coals  con- 
taining 30  to  35  per  cent  ash  are  being  burned  regularly  and 
continuously  on  these  stokers  with  low  attendant  labor  and  with 
no  clinker  trouble.  During  the  past  year,  although  we  had  over 
one  and  one-half  million  horse  power  in  service,  we  have  no 
record  of  shutdowns,  due  to  clinker  trouble,  in  any  of  the  plants 
served  by  our  stokers.  Single  stoker  units  up  to  fifteen  feet 
wide  are  built  so  that  single  stokers  can  be  adapted  to  serve 
boilers  up  to  one^  thousand  rated  horse  power.  No  steam  jets 
are  used  along  the  sides  or  the  bridgewalls  to  prevent  clinker  ad- 
hesion, and  the  steam  to  drive  even  the  largest  unit  is  less  than 
thirty  pounds  per  hour.  All  efficiencies  and  capacities  obtained 
are,  therefore,  net  results — not  subject  to  any  deductions  for 
auxiliaries,  clinker  prevention  and  clinker  removal. 

We  do  not  have  any  specific  apparatus  for  clinker  removal 
as  that  is  one  of  the  primary  functions  of  chain  grates. 

I  would  call  attention  to  the  necessity  of  larger  furnaces. 
We  must  have  larger  furnaces  if  we  are  to  improve  the  com- 
bined efficiency  of  boilers  and  furnaces.  I  know  of  only  one- 
half  dozen  plants  in  the  country  which  have  large  enough  fur- 
naces to  reduce  the  hydro-carbon  losses  to  a  proper  minimum. 
We  now  consider  furnaces  having  twelve  cubic  feet  for  each 
square  foot  of  grate  as  large  furnaces.  We  must  come  to  fur- 
naces of  larger  volume,  fifteen  or  even  twenty  cubic  feet  per 
square  foot  of  grate. 

E.  B.  RiCKETTS,  New  York  City:  In  forced  draft  stoker 
installations  it  has  been  my  experience  that  the  most  efficient 
results  are  obtained  when  all  of  the  boilers  in  service  are  being 
operated  at  the  same  rate;  this  condition  can  be  most  easily 
maintained  by  supplying  all  of  the  boilers  from  one  air  duct  pro- 
vided with  fans  at  appropriate  intervals  controlled  from  one 
central  point.  This  central  control  of  air  pressure  can  be  ob- 
tained either  by  automatic  regulation  from  the  steam  pressure 
or  by  hand  regulation.  Where  the  boiler  plant  is  of  sufficient 
size  to  justify  one  man  spending  most  of  his  time  regulating 
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steam  pressure,  I  believe  that  intelligent  hand  control  is  better 
than  automatic  because  (1)  automatic  devices  get  out  of  order; 
(2)  with  hand  control  the  steam  can  be  regulated  with  much 
smaller  fluctuations  in  air  pressure  and  consequently  more  regu- 
lar boiler  output;  (3)  with  hand  control  the  regulator,  knowing 
when  to  expect  the  peak  load,  can  bring  the  steam  pressure  up 
to  just  under  the  blow-off  point  at  the  time  when  the  peak  is  to 
be  expected,  thereby  gaining  four  or  five  pounds  over  the  pres- 
sure which  is  usually  carried.  This  good  start  helps  materially 
in  carrying  a  short  heavy  peak. 

Regarding  the  tendency  to  sectionalize  the  stoker  drive  on 
underfeed  stokers,  attention  might  be  called  to  the  ease  with 
which  this  is  accomplished  in  stokers,  using  a  steam  cylinder 
to  actuate  the  rams  such  as  the  Type  "E"  and  the  new  Jones. 
These  stokers  offer  a  very  simple  means  for  controlling  the 
stroke  on  each  individual  ram. 

John  Dallas,  Philadelphia:  In  the  paper  as  presented, 
reference  is  made  to  the  use  of  waterbacks  in  connection  with 
boilers  and  stokers  and  the  location  of  these  waterbacks  in  the 
bridgewall.  I  would  like  to  give  a  report  of  the  experience  of 
The  Philadelphia  Electric  Company  relative  to  the  use  of  cast- 
iron  waterbacks  in  the  bridgewall  of  1500  h.p.  single  fired  class 
M  Stirling  boilers,  designed  and  operated  by  our  company. 

We  wish  to  emphasize  the  fact  that  even  if  clinker  grind- 
ers are  set  quite  deep  below  the  fuel  bed  and  the  approach  to  the 
clinker  grinders  is  sufficiently  wide,  trouble  may  be  expected  by 
the  clinkers  arching  over  at  a  deeper  point  in  the  pit  unless  proper 
provisions  are  made  to  prevent  this  occurrence.  The  Phila- 
delphia Electric  Company  has  had  considerable  experience  in 
the  operation  of  these  clinker  grinders  and  has  adapted  water- 
backs  as  a  means  of  preventing  this  trouble.  If  waterbacks  are 
properly  designed,  connected  and  operated,  the  troubles  expe- 
rienced by  arching  over  the  clinker  grinders  can  be  practically 
eliminated  and  the  heat  which  is  absorbed  through  the  water- 
backs  can  be  utilized  without  any  loss. 

Two  boilers  were  installed  in  1917  by  the  Philadelphia  Elec- 
tric Company  and  have  been  in  operation  for  a  period  of  about 
a  year  and  a  half,  during  which  time  it  has  not  been  necessary 
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to  replace  any  of  the  waterbacks.  In  this  particular  instance, 
all  of  the  boiler  feed  water  for  the  two  boilers  was  passed 
through  the  waterbacks  and  into  the  open  feed  water  heater, 
thus  saving  all  of  the  heat  absorbed  through  the  waterbacks. 

The  first  waterbacks  as  designed  by  The  Philadelphia  Elec- 
tric Company,  were  of  an  oval  section  6  inch  by  12  inch  outside 
and  4  feet  6  inches  long.  These  particular  waterbacks  had 
from  2yi  to  3  feet  of  the  total  length  exposed  to  the  direct 
heat  in  the  furnace  and  the  water  passing  through  this  iypt  of 
waterbacks  absorbed  4>^  to  5  per  cent  of  the  total  heat  generated 
in  the  furnace.  We  have  since  changed  the  design  of  these 
waterbacks  by  shortening  them  to  3  feet  in  length.  This  has  cut 
down  the  total  heat  absorbed  through  the  waterbacks  to  from 
1^  to  2  per  cent  maximum.  While  the  length  of  the  water- 
backs  has  been  reduced  by  about  only  33  per  cent,  the  heat  ab- 
sorbed through  the  waterbacks  has  been  reduced  by  about  60 
per  cent.  This  can  be  explained  by  the  fact  that  in  the  long 
waterback  almost  one-half  of  the  total  length  is  exposed  to  the 
direct  heat  of  the  furnace;  whereas,  in  the  short  waterbacks, 
only  about  one-sixth  of  the  length  is  exposed  to  this  heat;  the 
balance  of  the  waterbacks  being  below  the  top  of  the  fuel  bed 
where  the  heat  would  be  considerably  less  than  in  the  open  fur- 
nace. 

In  our  Chester  Station,  where  we  have  eight  single-fired 
Stirling  boilers  with  Taylor  stokers  and  clinker  grinders,  our 
waterbacks  are  erected  at  the  bottom  of  the  bridge  wall  sloping 
inward  at  an  angle  of  about  8  degrees  and  are  connected  parallel 
to  an  inlet  and  a  discharge  header.  These  headers  are  placed  at 
the  back  of  the  bridge  wall  and  the  pipes  connecting  the  headers 
to  the  waterbacks  are  provided  with  flanged  unions  so  that  any 
waterback  section  can  be  withdrawn  without  disturbing  the 
bridge  wall  construction.  The  inlet  header  is  at  the  bottom  of 
the  waterbacks. 

There  are  two  main  water  supplies  to  the  waterbacks,  one 
of  which  carries  condensate  water  from  the  condensers,  the 
other  carrying  raw  water,  which  is  for  emergency  use.  The 
supply  to  each  boiler  is  taken  from  either  of  these  mains  through 
a  specially  designed  valve  which  ordinarily  is  set  to  allow  con- 
densate water  to  run  through  the  waterbacks  and  return  through 
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the  same  valve  to  the  plant  feed  water  heater.  By  one  operation 
of  this  valve,  the  condensate  water  is  closed  oflf  and  raw  water 
is  supplied  to  the  waterbacks  and  returned  through  the  same 
valve  to  waste.  In  order  to  give  protection  against  a  failure  of 
condensate  water  supply  to  these  waterbacks,  there  is  a  tem- 
perature alarm  on  each  discharge  header  which  is  set  at  160 
d^.  f  ahr.  so  that  if  the  water  supply  is  too  small,  the  tempera- 
ture will  rise  and  cause  this  alarm  to  ring,  at  which  time  the 
boiler  engineer  can  throw  over  the  supply  from  condensate  to 
raw  water.  As  an  additional  precaution  against  burning  out 
these  waterbacks  in  case  of  a  sudden  shutting  down  of  the  tur- 
bines, there  is  a  stand  pipe  with  a  regulating  valve  on  the  con- 
densate main.  This  regulating  valve  is  set  at  such  a  point  that 
if  the  condensate  water  supply  fails,  raw  water  will  be  run 
in  through  the  same  main. 

In  this  installation,  all  of  the  heat  which  is  absorbed 
through  the  waterbacks  is  saved  and  returned  in  the  conden- 
sate water  to  the  feed  water  heater.  By  using  only  the  conden- 
sate water  from  the  condensers  in  all  of  the  boilers  operating 
under  whatever  load  is  .being  carried,  the  discharge  tempera- 
ture from  the  waterbacks  does  not  exceed  145  degrees  f ahr. 
with  101  degrees  fahr.  condensate  water,  when  carrying  28 
inches  of  vacuum  in  the  condenser.  When  carrying  29  inches 
of  vacuiun,  the  discharge  temperature  from  the  waterbacks  will 
not  exceed  125  degrees  fahr. 

The  results  obtained  by  this  installation  have  been  so  satis 
factory  that  we  have  no  hesitancy  in  recommending  this  type 
of  installation  for  all  single-fired  boiler  settings  where  clinker 
grinders  are  used  in  connection  with  the  stokers,  and  we  believe 
that  such  an  installation  would  be  advantageous  in  any  tjrpe  of 
single-fired  boiler  setting  with  stokers. 

The  Chairman  :  Is  there  anyone  else  with  anything  to  say 
on  Stokers?  If  not,  we  will  proceed  to  the  next  question,  Pul- 
verized Fuel. 

I  should  like  to  say  a  few  words  on  that  subject  myself. 
Recently  I  visited  in  Seattle  the  plant  of  the  Seattle  &  Puget 
Sound  Electric  Company,  where  an  installation  for  burning 
powdered  fuel  has  been  under  consideration  and  operation  for 
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some  months.  This  is  a  pioneer  installation  and  the  Company 
has  spent  a  good  deal  of  money,  like  all  pioneers.  The  big  point 
is  that  the  feasibility  and  economy  of  burning  pulverized  fuel 
were  fully  proved. 

In  Seattle  powdered  fuel  is  supplied  to  4  or  5  installations 
in  the  city, — apartment  houses  and  office  buildings,  hotels,  etc. 
It  is  shipped  in  closed  tank  cars,  and  delivered  in  closed  tank 
wagons,  and  it  runs  from  the  wagon  by  gravity  into  the  cus- 
tomer's receptacles.  The  principal  difficulty  comes  in  the  grind- 
ing and  powdering,  which  operation  is  not  standardized.  There 
are  several  schools  with  different  t)rpes  of  materials  and  grind- 
ers, and  as  to  this  point  anyone  going  into  the  situation  will 
have  to  be  careful.  That  is  where  a  big  part  of  the  money  is 
spent.  I  have  to  attend  another  meeting  and  I  have  asked  Mr. 
Carle  to  take  charge  of  this  session. 

(Chairman  McClelland  turns  the  gavel  over  to  Mr.  Carle.) 

A.  D.  Bailey,  Chicago:  Before  the  last  speaker  leaves,  I 
would  like  to  ask  what  the  charge  is  where  the  local  company 
does  it? 

Mr.  McClellaj^d:  They  are  delivering  at  $7  a  ton,  but 
it  is  about  $1.50  a  ton  for  preparation.  They  are  using  what  we 
call  culm  fuel.  At  the  coal  mines,  where  these  pulverizers  are 
located,  they  had  a  fuel  with  a  high  percentage  of  slate  and 
earth.  The  Seattle  people  were  getting  unwashed  fuel  from  these 
mines.  That  is  one  of  the  difficulties  in  burning  the  powder  in 
a  city — the  infinitely  fine  ash  or  dust  from  it  settles  all  over  the 
surrounding  district.    They  are  installing  a  smoke  washer. 

Chairman  Carle:  They  are  using  anthracite.  For  apart- 
ment houses  I  understand  a  company  has  been  organized  in 
New  York,  which  will  deliver  it  in  containers  properly  prepared 
for  burning.  The  development  is  being  held  up  somewhat  by  the 
fact  that  nobody  furnishes  all  of  the  apparatus  and  all  of  the 
engineering,  although  some  are  starting  to.  The  situation 
should  be  taken  up  as  a  whole  and  the  same  parties  be  respon- 
sible for  the  apparatus  and  all  connected  with  it. 

This  is  a  live  question. 

W.  S.  Finlay:   As  an  item  of  interest  in  connection  with 
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the  elimination  of  cinders,  I  wish  to  state  informally  that  we 
have  had  in  operation  for  about  four  months  induced  draft 
fans,  the  blades  of  which  are  specially  designed  to  separate  the 
cinders  from  the  flue  gasses.  Preliminary  tests  made  upon 
equipment  indicate  the  fact  that  the  manufacturers  of  the  B.  F. 
Sturtevant  have  met  their  guarantee  of  70  per  cent  elimination. 

The  Chairman:  I  have  seen  a  number  of  these  installa- 
tions, one  at  Milwaukee,  where  they  told  me  that  since  last 
May  they  have  made  observations  on  dust  and  water  from  pul- 
verized fuel,  and  they  cannot  find  any  deposit  of  dust  on  the 
Milwaukee  roofs.  They  say  it  goes  from  six  to  ten  miles  away, 
and  then  comes  down  iit  a  moist  form,  as  dew  or  rain  comes 
down.  The  refuse  or  ash  from  pulverized  fuel  will  stay  in 
the  air  as  cigar  smoke  does,  before  settling. 

Harold  Almert,  Chicago:  Pulverized  coal  seems  to  have 
a  very  promising  future,  but  for  most  purposes  it  is  like  an  un- 
broken broncho — ^not  under  perfect  control.  Most  representa- 
tives presenting  pulverized  coal-burning  devices  dwell  on  the 
intense  heat  they  are  able  to  produce,  and  that  is  their  principal 
weakness.  The  heat  produced  is  too  intense;  we  have  no  brick 
work  that  will  stand  it. 

Cement  manufacturers  have  had  the  broadest  experience 
with  the  manufacture  and  use  of  powdered  coal,  and  much  can 
be  learned  from  their  experience. 

The  preparation  of  pulverized  coal  by  outside  plants  has 
been  mentioned.  I  imagine  that  the  reabsorption  of  moisture 
would  prove  an  obstacle  to  this  practice.  Two  per  cent  of 
moisture  seems  to  be  the  maximum  permissible  for  good  opera- 
tion, and  to  maintain  this  powdered  fuel  would  have  to  be 
shipped  in  airtight  containers. 

Powdered  coal  is  being  used  very  satisfactorily  for  other 
than  boiler  firing.  The  resulting  dust  which  is  ash  has  to  be  cared 
for  in  urban  centers.  In  small  plants  it  is  not  so  easy,  but  in 
large  central  stations,  if  we  get  to  use  powdered  coal,  the  ash 
or  dust  can  readily  be  handled  by  the  Corona  or  Cottrell  process 
of  electrifying  the  dust  particles  in  a  chamber  or  in  the  stack  by 
static  electricity  and  collecting  them  in  the  base  of  the  stack. 

Many  cement  plants  are  now  equipped  so  that  they  recover 
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95  per  cent  of  the  dust,  which  would  otherwise  go  out  of  the 
stack. 

The  Chairman:  Is  there  any  further  discussion?  There 
must  be  someone  else  here  ambitious  to  bum  pulverized  fuel. 

I.  E.  Moultrop:  I  would  like  to  suggest  that  you  state 
something  to  the  audience  in  relation  to  the  Schultz  scheme. 

W.  L.  Abbott,  Chicago:  The  device  referred  to  has  been 
installed  tmder  a  boiler  at  the  University  of  Purdue  and  has 
some  very  original  principles.  When  I  first  saw  the  stoker 
some  months  ago  it  was  working  fine,  but  later  when  I  organ- 
ized a  party  of  half  a  dozen  engineers  to  show  them  what  I  had 
found,  it  was  working  bum.  (Laughter.)  However,  I  still 
have  confidence  in  it. 

It  is  a  device  to  burn  ground  coal  rather  than  pulverized 
coal,  and  consists  essentially  of  a  circular  furnace  about  the 
size  and  shape  of  a  3-foot  bass  drum,  placed  horizontally  and 
having  a  IZ-inch  hole  in  the  bottom  head  and  a  24-inch  hole  in 
the  top  head.  Into  this  furnace  the  ground  coal  is  projected 
tangentially  in  a  current  of  low-pressure  air  and  burns  while 
whirling  in  this  circular  box.  The  gases  escape  through  the 
hole  in  the  top,  while  the  fused  ash  runs  out  through  the  hole  in 
the  bottom.  Due  to  the  whirling  motion,  the  coal  runs  around 
on  the  interior  circular  surface  and  is  gasified  during  the  whirl- 
ing, and  because  of  the  whirling  motion  the  dust  cannot  escape 
as  such  with  the  flame,  but  is  held  in  the  furnace  until  it  is  gasi- 
fied as  combustible  or  fused  as  ash. 

The  largest  permissible  size  of  coal,  according  to  the  in- 
ventor, is  what  would  pass  through  a  J^-inch  round  hole,  which 
is,  of  course,  far  from  the  200-mesh  size  to  which'  coal  must  be 
groimd  when  used  in  an  ordinary  pulverized  coal  burner.  It  is 
not  necessary  to  dry  the  coal  before  grinding. 

It  may  be  possible  to  burn  coal  of  still  larger  particles,  and 
if  that  be  the  case,  a  supply  for  such  a  furnace  could  be  obtained 
by  sifting  the  fine  coal  out  of  ordinary  screenings.  If  that  can 
be  done,  it  will  greatly  simplify  the  so-called  pulverized  coal 
problem.     (  Applause. ) 

The  Chairman  :  It  was  tinder  a  250  h.p.  boiler  and  gave 
150  per  cent  rating  at  about  81  per  cent  boiler  efficiency. 
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Mr,  Abbott:  Professor  Young  of  Purdue  University  has 
made  tests  on  the  furnace,  which  will  be  published  soon.  He 
reports  an  efficiency  considerably  above  70  per  cent,  which  is 
very  high  for  our  ordinary  Illinois  coal.  A  high  ash  is  not  so 
objectionable  as  it  is  in  an  ordinary  furnace,  as  the  impurities 
that  go  in  with  the  coal  eliminate  themselves  by  melting  and  run- 
ning out. 

The  Chairman  :  The  next  is  on  the  subject  of  Burning  of 
Lignites,  and  I  will  call  on  Mr.  Flagg  of  the  Electric  Bond  and 
Share  Company,  to  say  a  few  words. 

S.  B.  Flagg,  New  York  City:  In  the  Report  on  the  Burn- 
ing of  Lignites  it  was  pointed  out  there  is  a  diflference  between 
the  sub-bituminous  and  the  lignite  coal.  It  seems  important  to 
emphsisize  this  at  the  present  time,  owing  to  the  popular  impres- 
sion that  all  Western  coals  are  lignites ;  in  fact,  even  the  Iowa 
coal  is  often,  though  incorrectly,  so  classed.  With  a  difference 
of  3,000  B.t.u.  in  heating  value,  and  differences  of  10  to  15  per 
cent  in  moisture  content,  between  lignites  and  sub-bituminous 
coals  they  necessarily  present  different  problems  of  combustion. 

Storage  experiments  have  been  referred  to  in  the  paper. 
The  first  open  storage  pile,  which  contained  about  75  tons  of  the 
Texas  lignite,  up  to  the  time  fires  developed  from  external 
causes,  had  shown  a  maximum  heating  up  to  about  115  degrees. 
This  was  about  25  per  cent  above  the  atmospheric  temperature. 

The  second  pile,  of  about  double  the  quantity, — about  150 
tons — was  put  in  storage  in  January  of  this  year,  and  a  recent 
report  as  to  its  behavior  indicates  only  a  slight  evidence  of  heat- 
ing, this  occurring  after  rainfall,  and  the  heat  dissipated  itself 
rather  quickly  after  the  rain  ceased. 

In  the  case  of  this  second  pile,  samples  taken  from  the  sur- 
face and  from  the  interior  of  the  pile  show  there  is  no  change 
in  the  moisture  and  ash  content  of  the  fuel  in  the  interior  of  the 
pile.  There  is  a  loss  of  moisture  on  the  surface,  and  conse- 
quently a  higher  heating  value  is  shown  for  the  sample  taken 
from  the  surface.  The  dry  coal  ash  content  is  substantially  the 
same  as  in  the  interior  of  the  pile.  The  moisture-and-ash-free 
heating  value  shows  a^loss  of  400  B.t.u.  out  of  12,400. 

In  the  case  of  the  bin  storage,  samples  were  taken  at  the 
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time  it  was  placed  in  storage  in  May  of  last  year,  and  again  in 
December,  and  then  in  February  of  this  year.  These  were  taken 
some  distance  below  the  surface  of  the  bin  and  they  showed  no 
change  in  the  moisture-and-ash-free  heating  values  of  the 
samples.  The  heating  values  on  the  as-received  basis  showed 
some  difference,  due  to  variations  in  the  moisture  or  ash  con- 
tent ;  but  the  samples  taken  were  not  large  and  the  variations  are 
only  such  as  might  be  expected  in  different  parts  of  the  bin. 

With  reference  to  spontaneous  heating,  there  is  nothing  to 
add  to  what  is  in  the  report  except  to  say  that  thero^  has  been 
no  further  heating  of  the  fuel  in  the  bin. 

We  are  sorry  not  to  be  able  to  report  more  on  the  combus- 
tion of  these  fuels.  On  the  under  feed  type  of  stoker  the  Report 
shows  some  difficulties  encountered,  and  it  also  states  some 
efficiencies  shown.  Emphasis  might  be  placed  at  this  time  on 
the  importance  of  air  distribution  through  the  tuyere  plates  of 
the  underfeed  stoker.  There  is  a  decided  tendency  for  the  air 
to  blow  holes  in  the  fuel  bed  and  blow  fuel  down  on  the»  dump 
plates,  owing  to  the  motion  in  this  type  of  stoker.  On  the  natu- 
ral curve  type,  I  am  sorry  we  have  not  been  able  to  resume  work, 
and  there  is  nothing  further  to  add  at  this  time.  In  the  case  of 
the  forced  draft  travelling  grate,  the  Coxe  stoker,  only  a  few 
tests  have  been  run  to  date,  and  these  have  shown  efficiencies  of 
approximately  65  per  cent  at  boiler  rating,  and  maximum  rating 
of  155  per  cent.  There  has  been  some  difficulty  getting  the  fuel 
to  feed  properly,  as  the  hopper  design  of  this  stoker  is  worked 
out  primarily  for  the  fine  sizes  of  anthracite;  and  also  due  to  the 
inability  of  the  plant  where  this  is  located  to  get  satisfactory 
crushing.  This  will  probably  be  eliminated  and  further  results 
on  this  type  of  stoker  will  be  available  later. 

The  report  points  out  that  low  furnace  temperatures  are  en- 
countered in  burning  lignites.  The  lignites  require  as  high  a 
temperature  as  we  can  arrange  the  furnaces  to  give  and  there 
appears  to  be  no  danger  of  overstepping  the  limits  of  safety  in 
this  respect. 

T.  A.  Marsh,  New  York  City:  In  classifying  these  fuels, 
I  would  say  that  sub-bituminous  coal  is  composed  of  a  little  coal, 
with  some  moisture,  while  lignite  is  composed  of  a  lot  of  mois- 
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ture  and  a  small  quantity  of  coal.  When  the  moisture  exceeds 
35  per  cent,  the  available  heating  value  of  the  coal  is  low. 

Tlie  development  of  furnaces  and  stokers  for  burning  lig- 
nites has  been  retarded,  due  to  the  location  of  the  fields.  The 
Texas  fields  have  to  compete  with  the  Texas  oil  fields  and  those  of 
Oklahoma  and  Arkansas,  but  in  spite  of  this,  lignites  containing 
over  35  per  cent  of  moisture  have  been  burned.  These  low  heat 
value  coals  require  very  large  grate  surfaces.  We  can  get  good 
CO,  and  good  ash  and  combustion  rates  up  to  35  pounds  per 
square  foot  of  grate  continuously  and  higher  results  for  short 
periods. 

Referring  to  the  sub-bituminous  problem,  these  coals  give 
no  trouble  with  chain  grates.  We  are  burning  them  at  combus- 
tion rates  of  35  pounds  continuously  and  at  higher  rates  peri- 
odically. One  plant  operates  at  225  per  cent  of  boiler  rating  and 
with  a  grate  ratio  of  about  one  to  thirty.  There  are  many 
plants  in  Colorado,  Wyoming  and  the  western  district  using 
these  coals.  It  is  easy  to  get  12  to  14  per  cent  CO,  with  excellent 
ash.     Large  furnaces  are  necessary. 

The  Association  can  therefore  consider  the  problem  of  burn- 
ing sub-bituminous  coal  solved,  as  there  are  many  operating  in- 
stallations and  test  data  available  for  any  one  who  is  further 
interested  in  this  subject. 

The  Chairman  :  I  think  Mr.  McClelland  said  they  allowed 
a  full  afternoon  for  discussion  of  prime  movers ;  but  he  should 
have  given  us  two  afternoons.  I  hope  you  are  not  getting  tired 
as  we  have  boiler  and  turbine  room  instruments  yet.  If  you 
have  had  any  experience  in  getting  data  for  a  prime  movers 
report,  you  will  find  you  have  to  go  through  many  subjects  to 
find  out  what  will  be  of  interest  to  the  members.  For  another 
year  the  Prime  Movers  Committee  asks  you  to  send  suggestions 
as  to  subjects  in  which  you  are  interested  to  the  National  Elec- 
tric Light  Association  headquarters,  "Prime  Movers  Commit- 
tee," which  Committee  will  try  to  answer  any  questions  you  send 
and  take  advantage  of  any  suggestions  with  which  you  favor  it. 

We  will  now  take  up  the  question  of  storage  of  coal.  The 
Chair  recognizes  Mr.  W.  L  .Abbott  of  Chicago. 

Mr.  Abbott:    It  seems  strange  to  me  that  we  are  still  dis- 
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cussing  ways  for  storing  coal  and  preventing  its  firing.  In 
Chicago  we  passed  that  point  several  years  ago.  We  know 
how  to  store  coal  so  that  it  will  take  fire,  and  we  know  how  to 
store  it  so  that  it  will  not  take  fire.  We  store  each  year  100,000 
or  200,000  tons  of  Illinois  bituminous  coal,  and  we  do  not  have 
any  more  fires  in  the  coal  pile. 

The  cause  for  heating  in  storage  piles  is  that  freshly  mined 
coal  undergoes  a  slight  oxidation  when  exposed  to  the  air,  the 
heating  being  proportional  to  the  aggregate  surface  of  the  Itunps. 
A  piece  of  coal  one  inch  in  diameter  when  exposed  to  the  air 
at  a  given  temperature  will  generate  a  certain  amotmt  of  heat. 
If  this  lump  be  ground  up  into  pieces  1/100  of  an  inch  in  diam- 
eter, the  surface  exposed  will  be  many  hundred  times  greater 
and  the  heating  will  be  proportionally  increased.    If  all  fine  coal 
is  excluded  from  the  pile  and  nothing  but  lumps  one  inch  in 
diameter  or  larger  are  stored,  the  resultant  heating  will  be  negli- 
gible ;  or  if  only  fine  coal  is  stored  and  care  is  taken  in  handling 
it  so  that  the  larger  pieces  will  not  s^regate  out  by  running  down 
the  side  of  the  storage  pile,  the  coal  may  become  so  packed  that 
air  cannot  penetrate  the  pile  to  any  depth,  and  in  this  case  there 
will  also  be  no  resultant  heating.    If,  on  the  contrary,  a  mixture 
of  coarse  and  fine  sizes  be  so  piled  that  the  larger  lumps  will 
run  down  the  sides,  leaving  finer  coal  in  the  center,  the  coarse 
coal  will  form  passages  through  which  air  will  circulate — too 
slowly  to  conduct  away  the  heat  which  is  being  generated  but 
fast  enough  to  support  the  low  temperature  oxidation  which  is 
going  on  on  the  surface  of  the  fine  particles.    In  this  way  the 
temperature  will  slowly  rise,  so  that  at  the  end  of  a  few  dkys 
or  of  a  few  weeks,  depending  upon  the  atmospheric  temperature, 
hot  spots  will  have  developed  in  the  pile  and  raised  the  tempera- 
ture to  the  smoldering  point,  after  which  the  pile  will  soon  be  on 
fire.    We  have  had  piles  25  feet  high  keep  without  any  signs  of 
heating  for  ten  years,  and  without  any  perceptible  deterioration 
except  some  mechanical  disintegration  on  the  surface. 

Harold  Almert,  Chicago :  I  want  to  take  this  opportunity 
to  pass  on  to  those  present  my  observations  made  last  year 
while  connected  with  the  Fuel  Administration  in  Illinois. 

In  the  future  we  must  devote  more  attention  to  our  fuel 
supply.    In  the  past,  if  we  were  located  close  to  an  adequate  and 
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low-priced  supply,  little  or  no  attention  was  paid  to  the  efficient 
burning  of  fuel.  Whereas,  if  we  are  located  where  fuel  is 
expensive  or  the  supply  uncertain,  our  study  of  fuel  supply  re- 
ceives some,  though  not  nearly  as  much  attention  as  it  deserves. 

Our  future  coal  supply  and  its  cost  are  going  to  depend  on 
our  study  and  cooperation  with  the  producers.  To  bring  the 
price  down  we  must  better  the  producers'  load  factor,  which 
means  taking  our  annual  requirements  at  a  uniform  rate  through- 
out the  year.  This  in  turn  means  a  study  of  coal  storage  and  the 
preparation  and  selection  of  coal  suitable  for  storage. 

During  the  coal  shortage  last  Fall,  Chicago  had  a  surplus  of 
30,000  cars  a  month  of  Illinois  screenings  going  to  demurrage, 
while  there  were  plenty  of  plants  that  could  and  should  use  that 
class  of  coal  to  the  exclusion  of  the  prepared  sizes.  In  Illinois 
during  the  coal  shortage,  there  was  a  million  tons  a  month  sur- 
plus of  screenings  that  found  no  market,  and  still  this  coal 
could  all  have  been  used  currently  or  prepared  so  that  it  would 
store  safely. 

TiHE  Chairman:  Has  steam  ever  been  used  in  putting 
out  fires,  that  is,  injecting  steam  into  the  piles? 

Mr.  Abbott:  I  am  not  aware  that  it  ever  has  been,  and  I 
think  it  would  be  dangerous  because  that  degree  of  heat  would 
generate  six)ntaneous  combustion. 

Mr.  Ricketts  :  Steam  has  been  used  on  board  ship  to  stop 
fires  in  the  holds.  It  is  a  regular  appliance  on  colliers  and  it 
is  effective  in  close  places,  but  not  so  in  an  open  pile. 

The  Chairman:  You  may  have  thought  we  did  not  have 
any  sequence  in  our  discussion  this  afternoon ;  it  started  with  the 
turbine  and  now  it  is  back  to  the  coal  pile. 

Now  we  will  go  the  other  way  as  far  as  the  generator.  The 
next  is  Condensers. 

I  would  like  to  say  a  word  as  to  the  space  allotted  to  con- 
densers. It  was  assigned  to  a  sub-committee,  of  which  Mr.  H.  P. 
Wood,  of  Brooklyn,  was  chairman.  It  caught  him  in  the  midst 
of  the  New  York  harbor  strike,  and  he  worked  at  the  rate  of 
200  per  cent  while  he  worked  at  it,  and  he  assured  me  he  wrote 
the  condenser  report  while  on  a  tug  boat  in  New  York  harbor 
stealing  coal. 


Digitized  by 


Google 


198 

1 

The  Chairman:  Boiler  and  Turbine  Room  Instruments, 
and  I  will  call  on  Mr.  Ricketts. 

E.  B.  Ricketts,  New  York  City:  I  heartily  agree  with  the 
authors'  statement  that,  "We  are  entering  into  a  period  when 
one  man  will  operate  all  of  the  boilers  from  a  central  point." 
And  I  believe  that  much  better  efficiencies  will  be  maintained 
when  this  is  done.  I  expect  to  see  in  the  near  future  boiler 
plants  controlled  much  as  switchboards  are  now  operated. 

The  necessary  instruments  for  giving  practically  complete 
information  about  boiler  operation  are  now  on  the  market  and 
their  installation  on  large  boiler  units  is  undoubtedly  justified 
at  the  present  time,  but  I  have  never  been  able  to  justify  the 
heavy  expense  for  their  installation  and  maintenance  on  boilers 
of  600  h,p.  and  imder. 

Many  people  have  the  erroneous  idea  that  by  hanging  an 
elaborate  and  ornate  instrument  on  the  boiler  front  they  thereby 
automatically  increase  the  boiler  efficiency.  Nothing  was  ever 
further  from  the  truth.  Unless  the  accuracy  of  the  instruments 
is  maintained,  the  operators  taught  how  to  interpret  the  readings 
and  the  use  of  the  instruments  insisted  upon  by  the  manage- 
ment, the  investment  will  pass  out  of  the  useful  into  the  orna- 
mental class. 

Too  much  stress  cannot  be  placed  on  the  fact  that  keeping 
boiler  room  instruments  in  shape  is  not  a  job  for  a  coal  passer 
when  he  has  nothing  else  to  do,  but  requires  the  services  of  a 
good  mechanic  who  has  some  knowledge  of  the  chemistry  of 
combustion  and  a  knack  for  tinkering. 

The  Chairman:  Power  Station  Auxiliaries.  Is  Mr. 
Hirschfield  here?     (No  response.) 

It  is  now  half-past  five,  and  there  are  four  subjects  left, 
the  resume  of  the  fuel  oil  situation,  by-products,  oil  engines,  and 
water  power  progress.  Does  anybody  wish  to  discuss  any 
feature  of  any  one  of  those  subjects.  (No  response.)  Is  there 
any  general  discussion  on  the  report,  or  on  any  subject  connected 
with  it  which  we  have  already  passed,  and  which  anyone  would 
like  to  bring  up  again.  (No  response.)  There  being  none,  I  de- 
clare the  meeting  adjourned. 

(Session  adjourned.) 
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SECOND  TECHNICAL  AND  HYDRO-ELECTRIC 
SESSION 

Tuesday,  May  20,  1919 

R.  H.  Ballard,  Chairman. 

J.  E.  Davidson,  Vice-Chairman.     ' 

The  Chairman  called  the  meeting  to  order  at  2:30  P.M. 

The  Chairman  :  Gentlemen,  we  will  convene  as  the  second 
Technical  and  Hydro-Electric  Session,  and  the  first  subject  we 
have  for  consideration  is  the  report  of  the  Conmiittee  on  Under- 
ground Construction  and  Electrolysis,  Mr.  E.  B.  Meyer,  of  the 
Public  Service  Electric  Company  of  Newark,  New  Jersey, 
Chairman. 
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REPORT  OP  COMMITTEE  ON  UNDERGROUND 
CONSTRUCTION  AND  ELECTROLYSIS 

The  work  of  the  Committee  on  Underground  Construction 
and  Electrol)rsis  was  actively  resumed  in  1918  after  having  been 
disorganized  to  a  considerable  extent  by  war  conditions.  The 
report  this  year  deals  with  problems  of  underground  construc- 
tion under  fourteen  headings. 

The  war  brought  about  very  few  new  problems  in  this 
branch  of  the  industry,  largely  because  underground  construc- 
tion had  to  be  discontinued  in  most  cities  by  the  excessive  cost 
of  material  and  the  extreme  shortage  of  labor. 

However,  a  considerable  amount  of  additional  information 
has  become  available  bearing  on  problems  previously  discussed, 
and  it  is  the  aim  of  the  Committee  in  this  year's  report  to  bring 
this  information  to  the  attention  of  member  companies. 

As  in  previous  reports,  it  will  be  noted  that  the  subjects  of 
current  carrying  capacity  of  cables,  dielectric  losses  and  cable 
failures  are  again  discussed. 

These  subjects  are  of  vital  importance  to  the  central  station 
industry,  as  in  the  larger  companies  a  considerable  portion  of 
their  total  investment  is  in  underground  construction. 

Information  on  the  current  carrying  capacity  of  cables  under 
various  conditions  will  be  welcomed  by  operating  companies  as 
well  as  by  cable  manufacturers. 

Work  done  by  member  companies  in  different  sections  of 
the  country  under  various  temperature  conditions  will  be  of 
value. 

Member  companies  are,  therefore,  urged  to  keep  an  accurate 
record  of  the  load  on  their  transmission  cables,  measurements  of 
tentperattu-e  and  data  on  the  characteristics  of  the  duct  line. 

If  information  of  this  kind  is  secured  by  the  Committee,  it 
is  very  probable  that  a  definite  recommendation  on  these  subjects 
will  be  forthcoming  in  the  near  future. 

Member  companies  are  again  urged  to  communicate  with  the 
Underground  Committee  regarding  their  problems,  with  a  view 

ICainiacripC  of  this  report  was  received  April  fourteenth. 
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either  to  assisting  in  their  solution  or  in  making  the  information 
available  for  others.  It  is  only  in  this  way  that  the  Committee 
can  be  of  maximum  benefit  to  the  industry  as  a  whole. 


CURRENT  CARRYING  CAPACITY  OP  CABLES 

The  marked  change  in  the  load  curve  of  central  station  com- 
panies, occasioned  by  taking  on  large  blocks  of  load  to  serve  in- 
dustries working  on  a  twenty-four  hour  basis,  has  necessitated  the 
operation  of  all  classes  of  equipment  at  a  higher  load  factor. 

This  method  of  operation  has,  among  some  companies  at 
least,  led  to  an  unusually  large  ntunber  of  cable  failures  and, 
consequently,  it  has  been  necessary  to  study  the  subject  with  a 
view  to  outlining  a  rational  scheme  for  cable  operation. 

One  company  has  developed  a  plan  by  which  the  cable  is 
given  a  seasonal  rating  based  on  the  average  temperature  in  an 
idle  duct. 

Fig.  1  shows  the  graphical  method  of  determining  the  maxi- 
mum continuous  loading  of  cables  varying  in  size  from  No.  1  to 
350,000  cm.,  operating  at  13,200  volts. 

The  abscissae  of  the  curves  are  temperatures,  the  average 
temperatures  of  outside  air  for  the  locality  under  consideration 
having  been  determined  from  temperature  records.  A  number 
of  tests  gave  40  deg.  fahr.  as  the  average  temperature  difference 
between  the  outside  air  and  the  conduit  system,  and  it  is  upon 
these  test  results  that  the  chart  has  been  developed. 

It  will  be  noted  that  there  is  an  appreciable  difference  be- 
tween the  summer  and  winter  ratings.  For  instance,  a  350,000 
cm.  cable  has  a  winter  rating  of  296  amperes  continuous  loading 
against  a  minimum  rating  in  July  of  210  amperes. 

This  method  of  rating  cables  has  worked  out  very  satisfac- 
torily, but  some  modifications  might  be  found  necessary  for  other 
systems,  depending  on  the  heat  dissipating  characteristics  of  the 
particular  conduit  line. 

The  strictly  logical  way  to  arrive  at  the  proper  loading  of 
any  cable  is  to  determine  by  an  actual  temperature  survey  "what 
might  be  called  the  constants  of  each  main  duct  line.  With  this 
information  available,  the  rating  of  cables  based  on  maximum 
allowable  operating  temperatures  is  comparatively  simple. 

As  regards  the  artificial  cooling  of  duct  lines,  little  develop- 
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Fig  1 

ment  work  appears  to  have  been  done,  and  where  a  large  part  of 
the  conduit  line  has  poor  heat  dissipating  qualities,  little  can  be 
done  except  to  limit  the  loading  of  the  cables  so  as  to  keep  them 
within  safe  temperature  limits. 

In  case  of  local  hot  spots,  however,  it  is  usually  possible  to 
obtain  relief  through  one  of  the  various  methods  of  artificial 
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cooling.  Previous  reports  have  discussed  the  use  of  the  water 
sprinkling  system  and  the  scheme  of  installing  air  blowers  in 
manholes. 

One  company  reports  that  a  bad  local  hot  spot  was  cleared 
by  uncovering  the  conduit  line  for  a  distance  of  about  twenty  feet 
and  backfilling  the  excavation  with  heavy  clay  to  replace  the 
sandy  fill  which  had  been  causing  the  trouble 

The  temperature  in  an  idle  duct  at  the  point  of  excavation 
was  reduced  in  this  way  from  approximately  160  deg.  fahr.  before 
excavating  to  about  75  d^.  fahr.  after  backfilling  with  clay. 

Where  local  conditions  do  not  permit  the  use  of  this  method, 
it  will  be  found  advantageous  to  install  a  specially  ventilated 
manhole  at  the  point  where  the  temperature  is  excessive.  This 
scheme  has  been  found  to  relieve  cases  of  overheating  caused  by 
the  proximity  to  the  duct  line  of  bake  ovens  or  live  steam  mains. 

The  subject  of  the  current  carrying  capacity  of  cables  is 
closely  allied  to  the  study  of  underground  cable  failures  and  it  is 
hoped  that  the  investigation  of  these  troubles  will  be  so  thorough 
as  to  make  temperature  surveys  a  matter  of  routine. 

It  is  only  in  this  way  that  the  rule-of-thumb  methods  of 
rating  cables  can  be  discarded  for  a  more  logical  method  based  on 
an  accurate  knowledge  of  conditions. 


DIELECTRIC  LOSSES  IN  CABLES 

In  previous  reports  the  subject  of  dielectric  losses  has  been 
discussed  in  a  general  way,  and  it  has  been  pointed  out  that  the 
magnitude  of  these  losses  and  their  variation  with  temperature 
have  a  very  marked  effect  upon  the  operating  characteristics  and 
the  life  of  a  cable. 

The  subject  is  still  under  discussion  among  engineers  of 
member  companies,  and,  while  no  fixed  set  of  rules  can  be  for- 
mulated at  present,  there  is  considerably  more  information  avail- 
able now  than  at  the  time  of  the  last  report. 

One  company,  at  least,  and  probably  several  others,  have 
written  into  their  high  tension  cable  specifications  a  clause  requir- 
ing manufacturers  to  submit  with  their  bids  a  table  or  curve  guar- 
anteeing values  of  dielectric  loss  which  will  not  be  exceeded  under 
various  temperature  conditions. 

Fig,  2  shows  the  variation  in  dielectric  loss  with  temperature, 
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Fig  2 

the  values  having  been  plotted  from  guarantee  figures  submitted 
by  manufacturers  at  the  time  of  bidding.  These  curves  are  con- 
fined to  cables  impregnated  with  a  mineral  oil  base,  as  there  seems 
little  reason  to  doubt  its  superiority  over  a  rosin  oil  base  as  re- 
gards dielectric  losses. 

This  is  borne  out  by  Fig.  3,  in  which  are  plotted  the  results 
obtained  from  comparative  tests  of  cables  identical  in  size  and 
construction,  but  impregnated  with  rosin  oil  in  the  one  case  and 
mineral  oil  in  the  other. 
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Fig  3 

Two  rather  important  points  are  to  be  noted.  First  there  is 
a  marked  difference  in  the  watts  lost  per  foot,  between  the  rosin 
oil  and  the  mineral  oil  compound.  The  difference  amounts  to 
more  than  two  watts  per  foot  at  80  deg.  cent,  in  the  case  of  the 
26,000  volt  cable,  with  a  proportionate  difference  at  the  lower 
voltage. 


Digitized  by 


Google 


206 

Second,  the  curve  for  the  mineral  oil  compound  shows  a 
fairly  gradual  slope,  while  the  curve  for  the  rosin  oil  compound 
has  a  steep  slope  throughout  and  attains  very  high  dielectric 
losses  at  the  upper  range  of  temperature. 

These  characteristics  are  of  very  great  importance  in  case 
the  cable  is  installed  in  a  duct  line  where  hot  spots  are  likely  to 
develop.  The  cumulative  effect  of  high  temperature  on  dielectric 
loss  would  be  particularly  marked  in  such  a  case  and  the  failure 
of  the  cable  would  occur  in  a  very  short  time. 

While  it  is  true  that  mineral  oil  has  better  operating  charac- 
teristics as  regards  low  dielectric  loss,  there  are,  undoubtedly, 
other  factors  which  enter  into  the  selection  of  the  proper  impreg- 
nating material.  It  is  quite  possible  that  certain  mineral  oil  com- 
pounds, in  spite  of  their  excellent  dielectric  properties,  would 
become  too  fluid  at  high  temperatures,  leaving  the  insulating 
material  dry  in  certain  sections  and  thereby  liable  to  breakdown. 

One  member  company  has  completed  an  elaborate  series  of  > 
tests  to  determine  the  relative  value  of  rosin  oil  and  mineral  oil 
compounds,  as  a  medium  for  impregnating  paper  insulated  cables, 
and  its  findings  are  given  herewith: 

SUMMARY 

The  results  of  the  several  series  of  tests  may  be  sununarized 
as  follows: 

(A)  Oils— Dielectric  Strength 

Tests  on  a  number  of  different  types  of  oils  showed  that 
compounds  having  a  rosin  base  have,  even  at  normal  tem- 
peratures, a  somewhat  lower  dielectric  strength  than  mineral 
base  compounds,  and  as  the  temperature  increases  the  break- 
down voltage  of  the  mineral  oils  remains  nearly  constant, 
while  that  of  the  rosin  compounds  falls  to  a  fraction  of  its 
original  value. 

(B)  Comparative  tests  were  made  on  cables  to  determine: 

1.  Dielectric  Leakage  Current  at  from  3  to  15  kilovolts  at 

both  25  and  60  cycles. 

2.  Dielectric  Losses  in  watts  per  foot  throughout  the  same 

range. 

3.  Power  Factor  at  15  kilovolts,  25  and  60  cyde. 
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4.  Insulation  Resistance. 

5.  Dielectric  Strength. 

These  tests  were  made  on  samples  of  single  conductor 
200,000  cm.  cable,  insulated  with  6/32  in.  paper  and  lead 
covered  }i  in.,  different  impregnating  compounds  being  used. 

The  results  may  be  briefly  summarized  as  follows : 

(1)  Dielectric  Leakage  Current: 

At  25  cycles,  at  20  deg.  cent  was  more  than  twice  as 
great  in  cables  using  rosin  oil  as  in  those  using  mineral  com- 
pounds, and  at  100  deg.  cent,  was  over  four  times  as  great. 

At  60  cycles,  at  20  deg.  cent,  rosin  oil  25  per  cent  higher, 
and  at  100  deg.  cent,  about  130  per  cent  higher.  * 

At  both  25  and  60  cycles,  the  current  was  only  about 
12  per  cent  higher  at  100  deg.  cent,  than  at  20  deg.  cent,  in 
the  mineral  compounds,  while  it  increased  over  100  per  cent 
in  the  rosin  oil  compounds. 

In  the  rosin  oil  compounds  tht  leakage  current  was 
practically  constant  from  0  deg.  to  60  deg.  ctnt,  but  above 
this  critical  temperature  it  increased  very  rapidly.  The  min- 
eral compound  showed  practically  a  straight  line  increase 
thrpugh  the  whole  temperature  range. 

(2)  Dielectric  Losses:  (IVatts  per  foot) 

Dielectric  losses  follow  iti  general  the  leakage  current 
figures  just  given,  the  increases  at  higher  temperatures  being, 
of  course,  much  greater  as  they  vary  with  the  square  of  the 
current.  The  losses  at  60  cycles  are  in  all  cases  greater  than 
at  25  cycles,  and  at  the  higher  temperatures  the  losses  in  the 
rosin  cables  are  six  or  eight  times  greater  than  in  the  mineral 
oil  cables. 

(3)  Power  Factor: 

The  power  factor  is  slightly  greater  at  25  than  at  60 
cycles  for  all  temperatures.  It  is  less  in  the  rosin  cables  for 
the  lower  temperatures,  but  above  40  deg.  or  50  deg.  cent, 
is  greater  in  the  rosin  cables  than  in  the  mineral  oil  cables. 

(4)  Insulation  Resistance: 

The  insulation  resistance  on  direct  current  test  is  uni- 
formly less  for  the  rosin  compounds,  and  decreases  for  both 
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compounds  as  the  temperature  increases,  but  while  it  falls 
to  an  extremely  low  value  at  90  deg.  cent,  for  rosin  com- 
pounds, it  is  still  in  the  order  of  megohms  for  the  mineral 
oil  compounds. 

(5)  Dielectric  Strength: 

The  rosin  oil  cables  showed  a  slight  decrease  in  dielec- 
tric strength  at  the  higher  temperatures,  while  that  of  the 
mineral  oil  cables  was  practically  constant  up  to  100  deg. 
cent 

As  to  the  relative  values,  one  set  of  rosin  oil  samples 
tested  about  20  per  cent  higher  and  another  set  from  15  to  20 
•  per  cent  lower  than  mineral  oil  cables. 
Comparative  values  of  insulation  resistance  and  dielectric 
losses  are  shown  graphically  in  Figs.  4  and  5. 


Fig  4 

As  a  result  of  the  foregoing  tests,  the  company  now  specifies 
either  a  mineral  oil  compound  or  a  compound  containing  less  than 
15  per  cent  of  rosin  oil. 

Research  work  is  being  done  along  these  lines  by  the  various 
cable  manufacturers,  and  until  such  time  as  the  results  of  addi- 
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Fig  5 


tional  experiments  are  available  the  Committee  is  not  prepared 
to  give  its  unqualified  approval  to  the  use  of  mineral  oil  com- 
pounds to  the  exclusion  of  all  others. 


CABLE  FAILURES 

The  operation  of  cable  systems,  even  more  than  other  classes 
of  central  station  equipment,  requires  the  maintenance  of  a  com- 
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plete  and  systematic  record  of  all  failures  to  determine  their 
origin  and  cause  and  to  permit  of  taking  measures  which  will 
guard  against  their  recurrence. 

The  matter  of  observing  and  recording  all  details  in  con- 
nection with  service  interruptions  may  at  times  require  the  in- 
clusion of  <acts  which  seem  in-relevant.  However,  the  increase 
in  capacity  and  the  extension  of  electrical  systems  tend  to  make 
disturbances  more  destructive,  and  it  is,  therefore,  important  that 
all  companies  record  every  detail  which  may  have  even  a  remote 
bearing  on  cable  failures. 

In  order  that  member  companies  might  get  some  idea  of  the 
failures  which  may  be  expec^t^d  in  the  operation  of  underground 
systems,  the  Committee  has  prepared  a  summary  of  the  experi- 
ence of  member  companies  operating  high  voltage  systems. 
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Table  I  shows  the  number  of  miles  of  cable  installed  and  the 
failures  per  hundred  miles  of  cable  in  service  for  the  year  1918. 
This  statement  of  failures  does  not  include  failures  due  to  me- 
chanical injury,  electrolysis  or  causes  other  than  those  normally 
experienced  in  operation. 

It  will  be  noted  that  replies  from  member  companies  operat- 
ing a  total  of  2202  miles  of  cable  at  voltages  from  6900  to  25,000, 
indicate  that  the  average  failures  for  all  classes  of  service  amount 
to  13.1  per  hundred  miles  of  cable. 


Fig  6 
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It  was  impossible  for  the  Committee  to  obtain  a  record  of 
all  failures  over  a  period  of  years,  but  the  chart  in  Fig.  6  is 
t)rpical  of  what  may  be  expected  in  a  well-designed  and  properly 
maintained  system. 

The  curves  in  Fig.  6  show  the  total  burnouts  per  hundred 
miles  of  cable  in  service  at  voltages  of  9000,  12,000  and 
20,000  volts,  and  also  the  failures  per  hundred  miles  of  cable  in 
service,  excluding  failures  due  to  external  causes.  This  chart 
covers  an  average  of  approximately  475  miles  of  9000  volt,  200 
miles  of  12,000  volt  and  80  miles  of  20,000  volt  cable. 

The  Committee  intends  to  make  this  cable  failure  record  a 
permanent  feature  of  its  annual  report  and  for  this  reason  mem- 
ber companies  are  urged  to  cooperate  by  keeping  a  detailed  record 
along  the  general  lines  indicated. 

The  Underground  Committee  report  for  1916  included  a 
recommended  standard  form  for  reporting  failures,  and  if  this 
form  is  adhered  to  the  record  of  failures  for  the  various  com- 
panies will  be  on  a  comparable  basis. 


CABLE  FAULT  LOCATION 

The  method  of  locating  cable  faults  employed  by  one  com- 
pany with  excellent  results,  consists  of  a  transformer  known  as 
the  analyzer,  so  arranged  that  a  number  of  different  voltages  may 
be  applied  to  break  down  faults  of  different  resistances,  an  inter- 
rupter which  is  used  to  apply  a  signal  current  of  different  fre- 
quency from  that  of  the  regular  live  current,  and  various  forms 
of  exploring  coils  for  tracing  the  signals  given  out  by  the  inter- 
rupter. 

The  first  step  in  locating  a  short  circuit  or  groimd  is  to  apply 
a  suitable  potential  by  means  of  the  transformer  to  break  down 
the  fault  to  a  solid  ground.  The  signaling  current  is  then  applied 
through  the  interrupter  to  the  faulty  conductor,  and  the  trouble 
man  follows  the  cable  with  an  exploring  coil  until  he  loses  the 
sound  of  the  signaling  current,  when  he  knows  that  he  has  passed 
the  fault.  This  gives  quick  and  accurate  results  and  with  a  little 
experience  a  man  can  easily  locate  faults. 

In  connection  with  the  outfit  are  a  number  of  so-called  load 
coils,  which  are  used  to  limit  the  current  which  can  flow  into  the 
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fault.  It  is  also  necessary  to  have  an  alternating  current  supply 
of  110  volts,  of  about  50  amperes  capacity,  also  one  or  more 
standard  line  transformers  (one  with  two  primary  coils  and  two 
secondary  coils),  to  give  a  pressure,  when  properly  connected,  of 
at  least  50  per  cent  of  the  normal  operating  potential  of  the  line 
in  trouble. 

This  same  test  may  be  used  for  locating  faults  on  street  cir- 
cuits, overhead  and  underground  lines,  leaking  insulators,  tree 
grounds,  Edison  tube  faults,  faults  in  split  conductor  cables  and 
for  identifying  cables.  In  identifying  cables  by  using  an  inter- 
rupter on  each  wire,  more  than  one  wire  may  be  traced  at  the 
same  time.  This  is  accomplished  by  taking  one  or  more  screws 
out  of  the  commutator,  which  changes  the  wave  form  of  the 
signal  current  and  gives  different  sounds  in  the  telephone  receiver 
on  the  exploring  coil.  An  experienced  man  can  frequently 
analyze  the  type  of  fault  before  leaving  the  station  by  the  sound 
of  the  signaling  circuit. 

Another  method  in  use  by  a  number  of  the  large  companies 
is  the  well-known  Murray  loop  test.  The  Wheatstone  bridge 
method  is  used  in  this  scheme.  As  in  the  previous  scheme,  a 
good  conductor  parallel  to  the  faulty  one  is  used  and  the  two 
are  joined  at  the  further  end  from  the  testing  point.  The  resist- 
ances of  the  two  paths  to  the  ground  are  then  found  by  adjusting 
the  standard  resistances  so  that  there  is  no  galvanometer  deflec- 
tion, and  calculating  by  the  formulae  for  the  Wheatstone  bridge. 

After  the  resistances  of  the  conductor  paths  to  ground  are 
found,  the  distance  to  the  fault  in  feet  or  miles  may  be  found  by 
dividing  the  resistance  by  the  resistance  per  foot  or  mile. 

One  member  company  has  been  using  a  fault  localizer  for 
cable  faults,  which  has  given  very  good  results.  It  estimates  that 
70  per  cent  of  its  faults  have  been  located  within  one  section  by 
using  this  apparatus,  which  is  shown  diagrammatically  in  Fig.  7. 
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The  cable  is  first  tested  by  means  of  a  lamp  and,  if  it  shows 
a  high  resistance  ground,  it  must  be  broken  down  by  applying  a 
sufficiently  high  voltage. 

The  fault  localizer  is  then  connected  to  the  faulty  conductor 
and  a  good  parallel  conductor.  At  the  other  end  these  two  con- 
ductors are  joined.  The  localizer  is  also  connected  to  ground 
through  a  lamp  bank.  The  localizer  is  then  regulated  by  means 
of  a  dial  switch  until  the  galvanometer  shows  no  deflection  on 
closing  the  key.  The  reading  on  the  localizer  instrtmient  scale 
then  gives  the  per  cent  length  of  the  feeder  from  the  point  where 
the  test  is  being  made  to  the  location  of  the  ground.  Direct  cur- 
rent is  used  for  the  test.  This  is  a  very  simple  method  of  locating 
grounds,  and  is  based  on  the  Wheatstone  bridge  method. 


PIREPROOPING  OP  CABLES  IN  MANHOLES 

The  several  methods  of  fireproofing  cables  in  manholes  have 
been  described  in  detail  in  previous  reports  of  this  Committee, 
and  while  a  survey  of  present  practice  by  members  companies 
has  not  disclosed  any  new  methods,  the  information  is  of  interest 
as  it  shows  the  general  trend. 

Practically  all  member  companies  employ  one  of  the  well- 
known  methods  of  covering  their  cables,  although  some  still 
adhere  to  the  practice  of  installing  shelves  in  the  manholes  with- 
out employing  any  form  of  covering.  A  few  companies  cover 
all  bf  their  cables  where  exposed  in  manholes.  The  general  prac- 
tice, however,  is  not  to  cover  the  low  voltage  mains  and  series 
arc  cables. 

Cement  covering  seems  to  be  the  one  in  most  general  use 
today.  This  consists  of  a  covering  of  Portland  cement  mortar, 
usually  one  part  of  cement  to  one  part  of  clean  sharp  sand, 
applied  rather  dry  to  a  thickness  of  from  one-half  to  three- fourths 
of  an  inch.  The  addition  of  plaster  of  Paris  is  being  tried  to 
produce  quicker  results  in  setting.  The  cement  is  applied  over  a 
spiral  wrapping  of  small  rope  or  some  form  of  metal  lath. 

The  superiority  of  the  cement  covering  over  the  various 
types  of  asbestos  covering  seems  to  be  firmly  established  among 
member  companies  which  have  used  both  types.  There  appears 
to  be,  however,  a  considerable  diflFerence  of  opinion  regarding  the 
comparative  merits  of  rope  and  metal  lath  for  reinforcing  the 


Digitized  by 


Google 


215 

cement  covering.  Tests  were  made  by  the  New  York  Edison 
Company  in  1916  to  determine  the  relative  protection  against 
external  fire  afforded  by  the  two  forms  of  covering.  Two 
samples  were  employed,  one  of  which  had  a  winding  of  one- 
fourth-inch  rope  and  the  other  a  fireclay  lathing  as  a  base.  The 
test  showed  clearly  the  superiority, of  the  non-combustible  rein- 
forcement, as  this  material  did  not  permit  the  cement  covering 
to  open  up  and  expose  the  cable  to  the  action  of  the  flame.  Other 
companies  using  the  rope  base  state  that  it  affords  ample  protec- 
tion and  that  it  is  much  easier  and  cheaper  to  apply. 

One  company  is  abandoning  the  use  of  the  metal  lath  because 
the  iron  wire,  on  account  of  its  magnetic  properties,  interfered 
with  the  operation  of  fault  locating  equipment. 

In  general,  it  may  be  stated  that  the  various  types  of  cable 
covering  will  protect  the  cables  from  troubles  of  external  origin, 
except  where  there  are  general  manhole  fires  or  severe  electric 
arcs  of  some  duration  in  the  immediate  vicinity  of  the  cable, 
The  covering  also  lessens  the  probability  of  damage  to  unpro- 
tected cables,  but  cannot  be  relied  on  to  confine  the  trouble 
within  itself.  Usually  the  covering  is  blown  off  the  damaged 
cable  where  the  failure  occurs  in  service,  although  at  times  the 
covering  fails  to  reveal  the  fault. 

There  seems  to  be  a  question  as  to  whether  or  not  the  heat 
radiating  qualities  are  adversely  affected  by  the  covering,  but  it 
is  generally  believed  that  the  covered  cable  in  the  manhole  has 
a  better  chance  to  radiate  its  heat  than  the  uncovered  cable  in 
a  conduit  line. 


SELECTION  OF  DUCT  SIZE  ' 

The  Committee  has  received  several  inquiries  from  member 
companies  regarding  standard  practice  in  installing  underground 
conduits,  with  particular  .reference  to  the  proper  size  of  duct  for 
high  tension  transmission  cables. 

It  is  always  advisable  to  bear  in  mind  the  maximum  size 
of  cables  which  will  be  used  in  the  system,  and  for  this  reason 
it  is  necessary  to  select  the  size  of  duct  after  a  consideration 
of  probable  future  developments. 

The  cost  of  conduit  construction  among  the  larger  com- 
panies represents  a  large  part  of  the  entire  plant  investment,  so 
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that  great  care  must  be  exercised  in  determining  the  kind  of 
material  and  the  type  of  construction  to  be  used. 

The  replies  to  a  questionnaire  sent  to  a  number  of  large 
operating  companies,  whose  type  of  construction  can  be  con- 
sidered fairly  representative  of  conditions  throughout  the 
United  States,  seem  to  indicate  that  fibre  conduit  is  rapidly 
coming  into  favor  and  is  at  present  considered  standard  con- 
struction by  several  of  the  large  companies. 

Some  companies,  however,  still  use  tile  conduit,  and  one 
company  states  that  stone  pipe  conduit  best  meets  its  require- 
ments because  of  its  arc  resisting  qualities  and  because  there  is 
very  little  danger  of  communication  of  trouble  from  a  faulty 
cable  to  the  cables  in  adjacent  ducts. 

The  consensus  of  opinion  is  that  3^-inch  ducts  are  the 
largest  that  need  be  installed,  but  one  company  is  standardizing 
on  4-inch  fibre  duct  for  cables  of  approximately  2^-inch  diam- 
eter. The  reason  given  for  the  selection  of  this  size  is  the  ease 
in  installation  and  the  better  ventilation  of  the  system  after  the 
•  cable  is  placed  in  service. 

Several  companies  use  4-inch  and  even  4j4-inch  duct  in 
special  cases  where  it  is  necessary  to  avoid  sharp  bends  at  the 
entrance  to  stations  or  substations. 

In  most  city  streets,  however,  it  is  necessary  to  keep  the  size 
of  the  whole  duct  line  within  reasonable  limits  and,  consequently, 
the  size  of  the  individual  ducts  must  be  kept  down.  It  should 
further  be  borne  in  mind  in  considering  this  problem  that  even 
where  there  is  ample  space  to  install  4-inch  in  place  of  the  usual 
3j4-inch  ducts,  the  size  of  the  conduit  line,  and,  consequently, 
its  cost,  will  be  from  15  to  20  per  cent  higher. 

A  354-inch  fibre  conduit  is  large  enough  to  permit  of  the 
installation  of  a  cable  having  an  outside  diameter  of  3.2  inches, 
the  only  difference  in  the  method  of  installation  being  the  use 
of  a  special  cable  eye  instead  of  the  basket  or  other  form  of  grip 
usually  employed  for  pulling-in. 

Table  II  shows  the  largest  size  of  duct  in  use,  together  with 
the  kind  of  material  and  the  largest  diameter  of  cable  installed. 
This  summary  also  shows  the  maximum  kv-a.  transmitted  per 
circuit  and  such  other  information  as  has  a  direct  bearing  on  the 
problem  of  conduit  sizes. 
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The  replies  seem  to  indicate  that  from  5000  to  7500  maxi- 
mum kv-a.  per  circuit  is  usual  practice  in  underground  trans- 
mission work.  The  general  opinion  is  that  it  is  not  desirable  to 
concentrate  more  than  7000  to  8000  kv-a.  in  a  single  circuit,  and 
that  3-inch  outside  diameter  is  about  the  largest  cable  now  in 
use. 

The  Committee's  report  for  1916  carried  a  recommendation 
that  35,000  kv-a.  is  the  maximum  load  which  should  be  carried 
in  a  single  duct  line,  and  in  this  connection  the  Committee  also 
recommends  that  the  size  of  a  single  conduit  be  limited  to  sixteen 
to  twenty  ducts. 


INSTALLATION  OP  SUBWAY  TRANSFORMERS 

Subway  type  transformers  are  now  used  extensively,  and 
where  the  installation  of  such  equipment  is  under  consideration 
care  must  be  exercised  in  the  design  of  the  transformer  vault  or 
manhole. 

Some  member  companies  employing  alternating  current 
systems  where  the  load  density  is  high,  have  as  much  as  20,000 
kilowatts  of  transformer  capacity  installed  underground,  while 
a  number  have  over  5000.  Under  these  conditions  the  provision 
of  ample  manhole  space  in  the  limited  confines  of  the  city  street 
becomes  a  real  problem. 

In  most  of  the  older  systems,  transformers  have  been  in- 
stalled in  any  available  manholes  of  the  distribution  system,  but 
later  practice  is  to  build  special  vaults  for  them.  Where  large 
concentrated  loads  are  to  be  served,  it  is  often  desirable  to  secure 
space  under  sidewalks  or  in  the  basements  of  buildings,  placing 
the  transformer  as  close  as  possible  to  the  load  to  reduce  the 
amount  of  secondary  feeder  copper. 

Statistics  obtained  from  eight  of  the  larger  member  com- 
panies show  that  the  manhole  type  transformers  installed  vary 
in  size  from  1  to  150  kv-a. ;  averaging  about  36  kv-a.  A  number 
of  companies  use  nothing  smaller  than  50  kv-a. ;  but  one  company 
has  an  installation  of  450  kv-a.  in  a  single  manhole,  necessitating 
forced  ventilation.  In  general,  however,  the  kv-a.  capacity  per 
manhole  is  limited  to  200,  reaching  300  kv-a.  as  a  maximum. 

Most  companies  employ  empirical  rules  for  limiting  the 
maximum  capacity  of  transformers  installed  in  a  given  manhole 
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These  are  expressed  in  a  variety  of  ways.  A  survey  of  the  data 
furnished  indicates,  however,  a  general  agreement  in  the  amount 
of  heat  dissipated  through  the  walls,  roof  and  floor.  For  a  dry 
manhole  this  varies  from  3.7  to  4.8  watts  per  square  foot  with 
temperatures  of  air  in  manhole  varying  from  100  deg.  to  120  deg. 
fahr. 

This  heat  transfer  constant  is  an  average  value  and  may  be 
increased  or  reduced,  depending  on  the  nature  of  the  surrounding 
soil.  Furthermore,  the  designer  in  arriving  at  the  amount  of 
heat  loss  in  the  transformer  should  not  base  his  calculations  on 
either  the  name  plate  rating  or  the  peak  load,  but  should  draw 
up  a  predicted  load  curve  and  design  the  transformer  manhole 


Fig  8 — Standpipe  to  Promote  Cir- 
culation OF  Air  Through 
Manholbs 
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to  meet  operating  conditions  as  nearly  as  they  can  be  foreseen. 

Practically  all  companies  use  manholes  with  ventilating  cov- 
ers and  a  few  use  standpipes  similar  to  that  shown  in  Fig.  8  to 
promote  air  circulation.  Previous  reports  of  the  Committee  have 
described  the  various  schemes  of  forced  ventilation  where  this 
practice  is  employed. 

Forced  ventilation,  however,  is  at  best  a  makeshift  and  the 
failure  of  the  cooling  apparatus  is  likely  to  result  in  a  rapid  tem- 
perature rise  and  the  burning  out  of  the  transformer. 

The  use  of  forced  ventilation  is,  therefore,  not  recommended 
except  in  extreme  cases  where  conditions  will  not  permit  of  elimi- 
nating the  cause  of  overheating  by  providing  the  necessary  addi- 
tional vault  space. 


JOINT  FILLING  COMPOUNDS 

A  survey  of  the  practice  of  member  companies  with  regard 
to  compounds  used  for  joint  filling  materials  indicates  that  there 
is  still  some  difference  in  opinion  as  to  the  comparative  merits 
of  paraffine  as  compared  with  the  various  other  compounds  now 
in  use.  ^ 

Some  companies  criticize  severely  the  use  of  paraffine  for 
high  tension  joints,  and  other  companies  equally  as  large  and  of 
as  wide  experience  will  use  no  other  material.  The  same  differ- 
ence of  opinion  appears  to  exist  among  cable  manufacturers. 
The  disagreement,  however,  appears  due  not  so  much  to  the  com- 
pounds as  such,  but  to  the  manner  in  which  they  are  used. 

It  is  undoubtedly  true  that  a  paraffine  joint  when  made  with 
extreme  care  will  be  the  equal  in  every  respect  of  a  joint  made 
up  with  semi-fluid  compound,  but  unless  the  splicer  is  familiar 
with  the  characteristics  of  paraffine  (as  regards  its  property  of 
contraction  and  tendency  to  leave  voids)  and  is  otherwise  skillful 
and  reliable,  paraffine  is  likely  to  give  trouble. 

Of  course,  the  same  statement  might  be  made  of  all  joint 
filling  compounds,  but  in  a  lesser  degree.  However,  it  is  probably 
true  that  under  ordinary  conditions  as  regards  splicing,  the  joint 
filled  with  semi-fluid  compound  is  less  likely  to  fail  than  the 
parafline  filled  joint. 

Because  there  is  still  a  difference  of  opinion,  the  Committee 
is  not  prepared  to  make  a  definite  recommendation  at  this  time, 
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but  will  continue  its  investigation  and  endeavor  to  obtain  a  tabu- 
lated statement  of  comparative  operating  records  of  joints  filled 
with  paraffine  and  other  types  of  filling  compound. 


NEUTRAL  OP  EDISON  THREE-WIRB  SYSTEM 

A  questionnaire  sent  out  to  seven  companies  operating  Edi- 
son three-wire  direct  current  systems  brought  out  a  number  of 
interesting  facts  as  to  the  size  and  weight  of  copper  in  neutral 
feeders  and  mains,  also  methods  of  grounding  and  other  details 
of  construction  and  operation. 

Method  of  Establishing  Neutral 

The  neutral  is  established  and  balanced  voltage  maintained 
on  nearly  all  of  the  systems  by  taps  from  transformers,  balancer 
sets  or  a  combination  of  these  two  methods.  Two  companies 
depend  upon  transformer  taps  only,  while  others  use  the  different 
methods  in  different  substations.  One  company  has  three-wire 
motor  generator  sets  in  most  of  its  substations.  Only  one  com- 
pany permits  unequal  battery  discharge  to  assist  in  maintaining 
balance;  all  others  keep  the  batteries  floating  by  means  of  end- 
cells. 

Station  Grounds 

Four  of  the  companies  connect  the  neutral  bus  to  the  water 
mains,  and  of  these  two  connect  to  building  framework  in  addi- 
tion. Five  connect  to  ground  plates  or  pipes  driven  into  the 
ground.  One  grounds  to  cable  sheath  only,  while  four  others 
connect  to  cable  sheath  in  addition  to  the  other  grounds. 

Outside  Grounds 

Very  few  of  the  companies  ground  their  neutral  intentionally 
outside  substations,  though  some  ground  to  junction  box  castings. 
Some  are  accidentally  grounded  to  a  greater  or  less  extent  by  the 
use  of  bare  or  poorly  insulated  neutral  copper.  Only  one  com- 
pany makes  deliberate  metallic  connection  with  the  street  railway 
return. 

Relative  Size  of  Neutrals 

The  general  arrangement  of  the  neutral  feeders  is  what 
is  known  as  the  "tree  neutral,"  that  is,  there  is  a  heavy  trunk 
neutral  near  the  substation  and  from  this  lighter  branches  radiate. 
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all  being  connected  to  the  main  neutrals,  usually  in  each  manhole 
or  junction  box.  The  size  of  the  "trunk"  at  the  substation 
averages  18  per  cent  of  the  total  positive  or  n^^tive  feeder 
copper. 

Relative  Weight  of  Neutrals 

The  average  distribution  of  the  total  weight  of  copper  in 
the  distributing  systems  of  the  several  companies  is: 

Feeders    Positive  and  Negative 56.5% 

Feeders    Neutral    7.1% 

Mains  Positive  and  Negative 2S2% 

Mains  Neutral    11.1% 

Neutral  Feeders ..  Percentage  of  one  outside 25.2% 

Neutral    Mains. .  .Percentage  of  one  outside 88.5% 

Total    Neutral Percentage  of  total  copper 18.2% 

The  above  figures  are  partly  estimated,  as  two^  companies 
could  not  give  exact  detail. 

Sise  of  Neutral  Mains 

Three  companies  use  the  same  size  cable  for  main  neutrals 
as  for  the  outside  wires,  the  others  running  from  33  per  cent  to 
60  per  cent. 

Type  of  Cable  Used  for  Neutrals 

Three  companies  use  insulated,  lead  covered  cable  for  feeder 
and  main  neutrals,  two  use  scrap  or  low  insulation  cable,  leaded, 
and  two  use  weatherproof,  rubber  braided  or  bare  cable. 

Amount  of  Unbalanced  Installation  Permitted 

All  companies  restrict  the  capacity  of  apparatus  which  they 
permit  to  be  connected  on  one  side  of  the  system,  the  amount 
varying  from  one-half  to  two  horse  power.  This  restriction 
must  be  nominal,  in  some  cases  at  least,  as  one  company  carries 
a  battery  charging  plant  producing  unbalances  as  high  as  300 
amperes.  In  general  the  local  unbalances  largely  compensate  one 
another,  the  companies  reporting  that  even  in  the  large  substa- 
tions the  actual  unbalances  which  have  to  be  compensated  rarely 
exceed  two  or  three  hundred  amperes. 

In  some  cases  where  trouble  has  been  experienced  with  heavy 
unbalances  due  to  the  customer's  carelessness  in  balancing  up 
loads  on  the  two  legs  of  the  system,  the  use  of  an  automatic 
circuit  breaker  tripping  at  a  predetermined  unbalanced  current 
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has  been  found  helpful.  This  remedy,  however,  is  somewhat 
dfastic  and  should  be  employed  only  as  a  last  resort  as  a  means 
of  protecting  other  customers  on  the  line  from  low  voltage. 

Trouble  Due  to  Foreign  Currents  on  Neutral 

Most  of  the  companies  have  had  no  trouble  from  this  source, 
though  one  has  had  trouble  in  the  past,  and  another  finds  it 
necessary  to  keep  the  system  neutral  clear  of  the  cable  sheaths 
which  normally  carry  considerable  stray  railway  current. 

Battery  Capacity 

At  times  of  very  severe  ground  on  one  side  of  the  system, 
the  unbalanced  current  will  greatly  exceed  the  capacity  of  the 
balancer  set,  and  the  battery  will  be  obliged  to  care  for  it.  The 
reported  battery  capacities  at  the  one  hour  rate  average  27  per 
cent  of  the  total  maximum  load,  though  one  company  has  55 
per  cent. 

Conclusion 

In  general  it  would  appear  that  the  systems  are  very  simi- 
larly constituted  and  operated,  the  diflFerences  being  due  largely 
to  variations  in  local  conditions.  The  following  suggestions  for 
reduction  in  investment  and  operating  costs  might  be  studied  by 
the  individual  companies,  though  possibly  not  practicable  because 
of  unknown  local  conditions. 

(1)  The  use  of  a  tap  from  the  transformer  windings  to 
establish  the  neutral  instead  of  balancer  sets  with  their  con- 
stant losses,  first  cost  and  cost  of  maintenance.  It  is  not  neces- 
sary to  have  taps  from  all  the  converter  sets;  two  machines  in 
each  substation  (in  order  to  insure  continuity  of  service)  have 
been  found  by  actual  test  to  be  sufficient. 

(2)  As  four  of  the  companies  operate  satisfactorily  with 
main  neutrals  only  50  or  60  per  cent  of  one  outside  leg,  it  seems 
likely  that  the  others  could  do  so,  eflFecting  a  considerable  saving 
in  cable  cost. 


GENERAL   PRACTICE   IN    INSTALLING   AND    OPERATING 
UNDERGROUND  STREET  LIGHTING  CIRCUITS 

The  practice  of  the  central  station  companies  in  the  installa- 
tion and  maintenance  of  underground  street  lighting  circuits 
may  be  summarized  as  follows : 


Digitized  by 


Google 


r  224 

Series  lighting  circuits  are  used  most  extensivdy  by  all  com- 
panies, except  one,  which  has  a  preponderance  of  multiple  type 
lamps.  Arc  lamps,  mostly  magnetite,  are  still  widdy  used  by  70 
per  cent  of  the  companies,  although  several  report  that  they  are 
gradually  replacing  arcs  with  incandescent  lamps.  The  6.6  am- 
pere was  the  most  common  current  value,  both  for  alternating 
current  and  direct  current  circuits.  Few  companies  were  using 
more  than  one  lamp  per  pole,  but  the  height  of  same  above  the 
street  level  varied  between  wide  limits,  9  to  30  feet,  with  18  to  20 
feet  the  most  common  height.  Lamp  sizes  also  varied  over  a 
wide  range,  from  40  up  to  750  watt,  gas  filled  type. 

The  cable  used  for  lamp  connections  is  mostly  No.  6  and 
No.  8  single  conductor,  lead  covered  rubber  insulation  being  in 
somewhat  more  extensive  use  than  paper  insulation.  Several 
companies  make  use  of  multiple  conductor  to  the  center  of  dis- 
tribution and  only  one  company  is  using  two  conductor  cable 
exclusivdy.  ThicknesS  of  rubber  insulation  goes  as  high  as 
7/32  in.  with  30  per  cent  para  for  8000  volts,  while  that  of  paper 
did  not  exceed  7/32  for  single  conductor  cable  and  7000  volts 
working  pressure.  Cable  is  almost  imiversally  installed  in  con- 
duit, only  one  company  having  an  extensive  installation  of  cable 
laid  directly  in  the  earth. 

In  making  cable  connections  at  the  base  of  the  pole,  50  per 
cent  of  the  companies  make  use  of  some  kind  of  special  fitting 
for  terminating  the  cable  leads.  From  this  fitting,  rubber  and 
braid  wire,  having  insulation  equivalent  to  underground  cable, 
is  extended  to  the  lamp  socket  at  the  top  of  pole.  Two  com- 
panies report  carrying  the  lead  cable  right  up  to  the  top  of  the 
pole  and  making  connections  there  to  lamp  base,  either  directly 
or  by  means  of  short  flexible  rubber  and  weatherproof  leads. 
In  making  up  splices  in  cable  or  between  cable  and  pole  wires, 
rubber  tape  is  most  commonly  used,  though  paper  tape  is  fre- 
quently employed.  One  company,  using  cable  with  varnished 
cambric  insulation,  uses  paper  tape  in  wrapping  the  joints.  All 
companies  but  one  fill  lead  sleeves  with  some  kind  of  sleeve 
compound,  and  50  per  cent  report  that  they  do  not  allow  splices 
in  ducts  or  between  poles,  except  in  manholes. 

All  companies,  with  one  exception  which  has  buried  cable, 
bond  the  lead  sheaths  of  street  lighting  cables  to  other  cables 
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and  underground  structures,  primarily  for  preventing  electrol- 
ysis, and  three  companies  bond  the  lead  sheath  to  the  pole  bases 
for  safety  to  pedestrians  against  possible  high  potential  charge 
on  poles.  A  few*  companies  are  using  insulating  transformers  or 
so-called  "safety  coils"  with  grounded  secondaries  to  serve  a 
few  lamps  on  bridges,  viaducts,  iron  structures,  or  in  places 
where  the  street  lighting  cable  parallels  the  structure  for  any 
great  distance  and  where  there  is  danger  of  the  structure  becom- 
ing charged  to  high  potential  due  to  a  faulty  cable. 

Practically  all  series  circuits  are  operated  ungrounded  and 
the  practice  of  making  daily  tests  for  grounds  is  universal.  One 
company  reports  making  hourly  tests  during  the  oflF-burning 
period.  In  locating  grounds  or  faults  on  street  lighting  cables, 
50  per  cent  of  the  companies  make  use  of  a  signal  current  and 
exploring  coil  method,  while  the  other  SO  per  cent  report  different 
schemes  of  breaking  into  the  circuit  at  the  various  poles  and 
making  tests  from  pole  to  pole,  or  pole  to  station. 


JUNKING  CABLE 

In  view  of  the  large  amount  of  wire  and  cable  that  finds  its 
way  to  the  scrap  pile,  particularly  with  large  companies,  the  dis- 
position of  such  at  the  best  market  values  becomes  a  matter 
worthy  of  consideration  by  the  central  station  man.  The  too 
common  practice  of  selling  mixed  lots  of  junk,  where  gross 
weight  only,  and  not  the  weight  of  the  component  parts,  is 
known,  should  be  discouraged  as  far  as  possible. 

Several  companies  have  devised  special  apparatus  for  redu- 
cing all  insulated  wires  and  cables  received  from  the  various  jobs 
to  the  constituent  metals,  and  in  such  form  as  can  be  handled 
most  conveniently. 

The  apparatus  consists  of  a  power  cutting  machine  for  cut- 
ting cable  to  standard  three-foot  lengths;  a  power  stripper  for 
removing  the  lead  sheath ;  a  furnace  for  burning  off  insulation ; 
and  a  baling  machine  for  tamping  the  wire  into  dense  and  con- 
venient sized  bundles.  The  power  cutter  illustrated  in  Fig.  9 
consists  of  a  heavy  punch  press  (8-in.  stroke)  fitted  with  a 
special  shearing  cutter  which  cuts  the  cable  into  comparatively 
short  lengths. 

Fig.  10  shows  a  motor  driven  cable  stripping  machine  with 
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Fig  9 — Power  Cutting  Machine 

two  circular  steel  knives  which  can  be  adjusted  for  cutting  vari- 
ous sizes  of  cable,  the  feed  being  maintained  by  the  double  row 
of  teeth  which  grip  the  lead  and  force  the  cable  past  the  cutting 
knives. 

After  stripping  off.  the  lead  the  insulated  wire  is  placed  in 
a  special  furnace  and  the  insulating  material  is  burned  off,  care 
being  exercised  in  the  control  of  the  draft  to  prevent  excessive 
oxidation. 

In  some  cases  a  baling  equipment  is  employed  to  make  up 
the  scrap  copper  into  bales  of  convenient  size  for  handling. 

The  use  of  stripping  machines  has  resulted  in  very  substan- 
tial savings  for  companies  which  dispose  of  very  large  amounts 
of  scrap  yearly,  as  metal  salvaged  by  this  means  brings  about  80 
per  cent  of  the  market  price  for  new  metal. 
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Fig  10— Motor  Driven  Cable  Stripping  Machine 

Among  the  smaller  companies  the  economy  of  mechanical 
devices  is  open  to  question,  as  it  may  be  found  that  the  total 
recovery  cost  per  ton  under  this  method  will  be  too  high  on 
account  of  the  relatively  small  amount  of  scrap  handled  during 
the  year. 


TRANSFORMER  PRIMARY  CUTOUTS 

Nine  member  companies  have  underground  transformer  in- 
stallations and  of  these  four  do  not  fuse  the  primary,  as  they 
believe  there  is  no  inexpensive  and  satisfactory  cutout  on  the 
market  at  the  present  time. 

With  one  exception,  all  companies  which  have  used  the 
enclosed  fuse  type  report  this  equipment  a  failure,  as  more  ser- 


Digitized  by 


Google 


228 


vice  interruptions  have  been  experienced  where  it  has  been  used 
than  where  the  transformers  were  connected  in  without  fuses. 
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A  primary  cutout  is  installed  for  the  purpose  of  protecting 
the  service  in  case  the  transformer  fails,  and  not  to  protect  the 
transformer  against  overloads.  The  percentage  of  failures  of 
transformers  is  considerably  under  1  per  cent  per  year,  and  conse- 
quently unless  manufacturers  can  produce  a  cutout  which  has 
as  good  a  service  record  as  the  transformer  itself,  operating 
companies  will  consider  the  cutout  a  hazard  to  the  system  instead 
of  a  protective  device. 

However,  the  companies  which  have  condemned  the  enclosed 
fuse  type  of  cutout  are  experimenting  with  oil-submerged  and 
other  types  of  fuses,  and  the  development  of  a  cheap  and  rdiable 
cutout  offers  an  attractive  field  of  endeavor  for  the  inventor. 

One  line  diagrams  of  the  distribution  systems  employed  by 
the  various  companies  are  shown  in  Fig.  11. 


SPECIAL  DEVICES  AND  METHODS 

Pneumatic  Cutting  Tools 

While  only  two  companies  report  the  use  of  pneumatic  cut- 
ting tools  for  removing  pavements  preparatory  to  conduit  instal- 
lation, very  satisfactory  results  have  been  obtained  and  it  is 
probable  that  this  class  of  tools  will  come  into  more  general 
favor. 


Fig  12— Power  Cutting  Tools 


The  outfit  as  illustrated  in  Fig.  12  and  Fig.  13  consists  of  a 
6  ft.  by  6  ft.  duplex  air  compressor  driven  by  a  15  horse  power 


Digitized  by 


Google 


230 


Fig   13 — Motor  Driven  Compressor  Mounted  on 
Trailei 

electric  motor,  this  equipment,  as  well  as  the  cooling  water  tank, 
being  mounted  on  a  trailer. 

The  tool  is  similar  in  construction  to  the  ordinary  air  ham- 
mer, the  hammer  being  replaced  by  a  socket  into  which  the  cutter 
or  gad  is  inserted.  The  compressor  outfit  shown  in  the  illustra- 
tion is  of  sufficient  capacity  to  operate  two  cutters  woricing  on 
hard  pavement  and  three  on  fairly  soft  concrete  or  asphalt. 

The  use  of  the  pneumatic  equipment  is  not  only  safer  than 
the  old  method,  but  in  addition  reduces  tool  breakage  and  cuts 
the  cost  of  street  opening  to  one-third  of  that  which  obtained 
formerly. 

Concrete  Mixers 

Practically  all  member  companies  report  the  use  of  power- 
driven  concrete  mixers.  Some  companies  use  mixers  on  all  con- 
duit installations  of  any  size  and  state  that  the  results  justify 
their  use. 

The  Chicago  Company,  however,  after  an  extended  investi- 
gation, has  found  .that  the  power-driven  concrete  mixer  is  not 
economical  on  jobs  where  less  than  twenty-five  or  thirty  men  are 
employed 

Kerosene  Torches  and  Furnaces 

Kerosene  torches  and  furnaces  appear  to  have  passed 
through  the  experimental  stage  and  are  coming  into  general  use. 
A  number  of  companies  are  changing  over  from  gasoline  to 
kerosene,  and  the  Committee  recommends  the  change  from  the 
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standpoint  of  both  safety  and  economy.     The  names  of  com- 
panies manufacturing  reliable  kerosene  furnaces  and  torches  will 
be  furnished  upon  application  to  the  Chairman. 
Manhole  Pumps 

The  Chicago  Company  reports  the  development  of  a  very 
satisfactory  portable  outfit  for  quickly  pumping  out  manholes. 
The  apparatus  consists  of  a  well-known  rowboat  motor,  the  pro- 
peller being  replaced  by  a  small  high  speed  pump. 

The  complete  outfit  weighs  only  125  pounds,  but  can  handle 
about  four  times  the  water  handled  by  the  old  type  diaphragm 
ptunps,  and  for  this  reason  should  recommend  itself  to  member 
companies  as  a  very  desirable  labor  saving  device. 
Cable  Grips 

All  companies  use  the  cable  grip  in  one  form  or  another,  but 
as  the  use  of  larger  diameter  cables  is  general,  the  attention  of 
member  companies  is  called  to  the  cable  pulling  eye  illustrated  in 
Fig.  14. 


Fig  14 — Cadle  Pulling  Eyk 


This  grip  is  used  where  the  bore  of  the  duct  is  only  slightly 
greater  than  the  cable  diameter,  leaving  insufficient  clearance  for 
the  usual  form  of  wire  grip.  The  eye  is  made  of  5^-inch  roimd 
steel  and  is  connected  to  the  cable  by  stripping  back  the  lead  and 
insulation  about  7  inches,  wrapping  the  conductors  securely 
around  the  shaft  and  soldering  them  fast. 


Fig  is — Cable  Eye  Connected  and  7oint  Wiped 
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The  lead  sheath  is  then  bent  back  into  its  original  position 
and  wiped  with  solder  to  make  a  smooth  and  moisture  proof 
joint.  The  cable  ready  for  attachment  to  the  draw  rope  is  shown 
in  Fig.  15. 

Trenching  Equipment 

None  of  the  member  companies  is  employing  trenching  ma- 
chines for  conduit  construction,  chiefly  because  their  systems  are 
located  in  congested  areas  where  the  use  of  a  machine  is  out  of 
the  question  on  account  of  the  presence  of  numerous  obstruc- 
tions. 

Backfilling  machines  and  power  tampers  are  used  very  little, 
but  it  would  seem  that  there  is  a  fairly  good  field  for  the  power 
tamper  of  the  pneumatic  type,  particularly  among  companies 
which  make  use  of  the  pneumatic  cutting  devices  previously  de- 
scribed. 

Split  Core  Testing  Transformer 

One  company  employs  a  split  core  cable-testing  transformer 


Fig  16— Split  Cobb  Testing  Transformer 
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which  IS  used  for  the  purpose  of  checking  the  load  on  single  con 
ductor  cables,  particularly  transformer  loads.  The  instrument 
which  is  shown  in  Fig.  16,  consists  of  a  special  transformer  hav- 
ing a  hinged  magnetic  circuit  and  a  standard  portable  ammeter. 
Flexible  duplex  leads  are  supplied  with  each  set,  of  sufficient 
length  so  that  the  transformer  can  be  clamped  in  position  around 
the  conductor  and  the  ammeter  removed  to  a  convenient  place 
for  reading.  The  instrument  is  used  on  the  subway  system  for 
the  purpose  of  checking  transformer  loads  and  determining 
whether  each  transformer  is  carrying  its  share  of  the  load. 
Occasions  frequently  arise  for  using  this  set  in  determining 
loads  on  the  various  sections  of  the  distribution  network,  where 
it  has  been  found  particularly  valuable.  The  transformer  will 
maintain  within  commercial  limits  its  ratio  accuracy  from  10  per 
cent  to  125  per  cent  load. 

Respectfully  submitted, 

E  B  Meyer,  Chairman 
H  B  Alverson 
WH  Cole 
L  L  Elden 
L  A  Herdt 
F  B  Lewis 
L  T  Merwin 
A  A  Meyer 

H  N   MULLER 

JB  NoE 
R  C  Powell 
W  E  Richards 

F  E  RiCKETTS 

D  W  Roper 
L  S  Streng 
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Topical  Index  of  Reports 

of  the 

Committee  on   Underground 
Construction  and  Electrolysis 

1911-1919 

Connectors 

191&— Pg.  236         Made  from  flat  bar  copper. 
Cooling  of  Duct  Lines 

1916— Pg.   57         Methods  and  results, 

1918— "*230 

1919—  "      6-8 

Current  Carrying  Capacity 

1912 — Pg.  25  Some  general  figures. 


1913—  " 

6 

Table  of  practice — ^Twenty  Companies. 
Heating  due  to  dielectric  loss. 
Hot  spots. 

1914—  " 

21 

Allowable    temperatures.      Losses    per 
duct  foot. 

1915—  " 

12 

Heating  of  duct  lines. 

1916—  " 

45 

<jeneral  discussion. 

1917—  " 

6-13 

Formula  for  determining  capacity  and 
curves  showing  effect  of  load  factor. 

1919^  " 

6-8 

General  data — methods  of  cooling. 

Electrolysis 

1911— Pg.l2, 13, 14  Prevention  of;  Methods  in  use.    Table 

of  Replies. 

1912—  "■ 

15-24 

Large  tabulation  and  discussion. 

1914—  " 

3 

Joint  National  Committee  on  Electroly- 
sis— organization  of. 

1915—  "* 

44 

Effect  of  Asbestos  or  Cement  Covering 
in  accelerating  electrolytic  action. 

*Page  numbers  for  1918  refer  to  bound  Proceedings,  no  advance  papers  beinf  issued 
tbat  year. 
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Failuses 

1911-Pg. 

20 

99 

23 

1912—  " 

26 

1913—  " 

25 

1914—  " 

23 

1915—  " 

45 

1916—  " 

46 

f* 

43 

1919—  " 

1919—  " 

15-16 

FntEs  IN  Manholes 

1915— Pg. 

14-15 

Gas  Explosions  in  . 

1911— Pg. 

27 

1915—  " 

18 

1916-  "    60 

1917—  "    38 

Graded  Insulation 
1913— Pg.  15 

Joints 
1911- 


Causes  and  remedy. 

Locating  cable  failures. 

Table  of  failures  per  100  miles  of  cable. 

Standard  form  for  reporting  failures. 

Statistics  for  1913. 

Reported  failures  of  Varnished  Cambric 

Cable  used  in  transformer  bushings. 
Not  due  to  moisture  in  cables. 
Description  of  fault  locating  device. 
Fault  location  and  test  equipment. 
Table  of  failures  per  100  miles  of  cable 

at  different  voltages. 

Avoidance  of,  bonding  lead  sheath  to 
prevent. 

ANHOLES 

Causes  and  remedy. 

Sealing  ducts  to  prevent  spreading  of 
gas. 

Apparatus  for  removing  gas  from  man- 
holes. 

Blower  to  clear  gas  out  of  manholes. 

Possibilities  of,  curves. 


1914— 
1916— 


1919^ 


-Pg.    8  Specifications  for  H.  T.  joints. 

Joints  and  Compounds. 
"     13  Causes  of  failure. 

11, 12, 13  Discussion — Joint  tests. 
27-37       New   types  of   joints.     Mica  cell  and 

vacuum  filled. 
39  Unit  packages  for  cable  joint  material. 

25-26      Filling  compounds.    Discussion  of  those 
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Mr.  Ballaju>:  This  report  seems  to  be  unusually  compre- 
hensive, and  will,  ilo  doubt,  be  productive  of  snappy  discussion. 
I  must  go  to  another  meeting  for  about  half  an  hour,  and  I  am 
going  to  ask  Mr.  Meyer,  in  the  absence  of  Mr.  Davidson,  the 
Vice-Chairman,  if  he  will  occupy  the  Chair  and  conduct  this 
discussion  and  sum  it  up.    By  that  time  I  will  be  back. 

(Mr.  Meyer  thereupon  took  the  Chair.) 

Mr.  Meyer:  Gentlemen,  as  you  have  heard,  the  report  is 
now  open  for  discussion.  We  hope  that  you  are  all  prepared  to 
say  something.  The  Committee,  of  course,  cannot  carry  on  its 
work  in  a  very  profitable  way  without  having  the  members  sug- 
gest new  ideas  and  give  their  experiences. 

A.  A.  Meyer,  Detroit:  Mr.  Chairman  and  Gentlemen,  I 
would  like  to  discuss  joint  filling  compoimds  and  give  you  the 
benefit  of  our  experience  in  Detroit  with  respect  to  the  use  of 
paraffin  and  other  compounds.  To  give  you  an  idea  of  the  ex- 
tent of  our  experience,  I  might  say  that  we  have  at  the  present 
time  about  273  miles  of  24,000  volt  cable,  all  installed  under- 
ground and  comprising  4,500  joints  in  round  numbers.  Some  of 
this  cable  was  installed  in  1907  and  for  several  years  afterward 
our  joint  failures  were  comparatively  few.^  During  the  last  two 
or  three  years  we  installed  each  year  about  50  miles  of  cable,  re- 
quiring the  making  of  many  joints.  Our  early  trained  splicers 
were  good  splicers,  but  not  as  good  teachers  to  the  additional 
force  of  splicers  required  by  the  increased  amoimt  of  splicing 
work.  This  wasn't  realized  imtil  joint  failures  became  too  nu- 
merous. It  then  became  necessary  to  write  a  detailed  specifica- 
tion and  establish  a  school  for  splicers ;  not  to  teach  new  methods 
but  to  explain  in  detail  our  standard  method  and  to  point  out 
the  important  factors  affecting  the  life  of  a  joint  and  also  to 
make  sure  that  the  ideas  were  fully  comprehended. 

It  was  in  March  of  1917  that  the  written  specifications  were 
introduced  and  the  school  started,  and  since  that  time  we  have 
made  up  1,515  joints.  Of  these,  only  two  joints  have  failed — 
amounting  to  1-10  of  one  per  cent  of  the  joints  made,  or  equiva- 
lent to  2.2  joint  failures  per  100  miles  of  cable.  These  two  fail- 
ures occurred  shortly  after  the  start  of  our  campaign  and  were 
found  to  show  evidence  of  careless  workmanship,  for  which  the 
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splicers  were  criticised.  The  specifications  referred  to  above  in- 
duded  the  use  of  paraffin,  because  at  that  time  we  had  no  direct 
evidence  that  the  paraffin  was  at  fault.  The  fact  that  since  March, 
1917,  we  have  lost  only  two  joints  out  of  1,515  would  still  uphold 
paraffin  and  also  the  statement  in  the  Committee's  report  on  page 
25  that  paraffin  is  a  satisfactory  joint  filler  if  extreme  care  is 
used  in  making  up  the  joints. 

Although  our  records  for  the  last  three  years  show  a  com- 
paratively large  percentage  of  joint  failures,  these,  with  the 
exception  of  the  two  mentioned,  were  old  joints  made  previous 
to  March,  1917.  We  began  to  realize  that  our  high  tension  cable 
system  contained  a  lot  of  poorly  made  joints  which  must  be 
either  rebuilt  or  improved  in  some  manner.  It  was  decided  to 
drain  out  the  paraffin  and  replace  it  with  some  kind  of  the  known 
black  compounds.  To  date  335  joints,  which  according  to  our 
records  were  suspected  of  being  faulty,  have  been  drained  of  the 
paraffin  and  refilled  with  a  black  compound,  and  not  one  of  these 
refilled  joints  has  failed.  The  work  of  refilling  is  being  continued 
as  fast  as  conditions  will  permit,  and  will  probably  cover  all  of 
the  suspicious  joints. 

We  examined  a  large  number  of  old  made  joints  and  found 
that  the  paraffin  fill  within  was  not  in  very  good  condition.  Large 
voids  were  frequently  found,  particularly  in  the  interior  between 
the  phase  conductors  where  voids  were  most  undesirable,  appar- 
ently due  to  the  large  shrinkage  of  paraffin  in  cooling.  Dielec- 
tric tests  were  made  with  new  paraffin  as  well  as  old  paraffin 
taken  from  a  joint  and  the  results  differed  widely.  Laboratory 
tests  were  conducted  with  various  kinds  of  compounds  in  regard 
to  their  suitability  for  joint  filling,  and  our  conclusions  were  that 
there  were  several  equally  good  compounds  for  filling  joints 
and  that  all  of  them  were  better  than  paraffin. 

E.  B.  Meyer:  We  should  be  glad  to  hear  from  any  one  else 
in  the  room  who  would  like  to  say  something  on  this  subject 

A.  P.  Thoms,  Chicago,  111.:  The  report  indicates  that  the 
subject  matter  has  been  well  chosen  by  the  Committee  as  each 
topic  is  one  with  which  operating  companies  or  the  manufacturers 
are  wrestling,  and  it  is  therefore  sometimes  difficult  to  arrive  at 
definite  conclusions. 
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Dielectric  Losses  in  Cables 

The  Committee  states  that  it  is  not  prepared  to  give  its  un- 
qualified approval  to  the  use  of  mineral  oil  compounds  to  the 
exclusion  of  all  others. 

I  take  it  for  granted  that  it  is  not  the  Committee's  intention 
that  operating  companies,  in  drawing  up  cable  specifications, 
should  restrict  the  manufacturer  to  too  great  an  extent  in  the 
choice  of  insulating  materials,  as  other  compounds  may  be  dis- 
covered eventually  that  will  improve  the  dielectric  strength  of  the 
cable;  nor  is  it  best  to  insert  in  the  specifications  conditions  or 
tests  that  will  result  in  only  an  added  cost  to  the  purchaser  for 
insurance,  as  it  is  not  likely  that  the  manufacturer  will  change 
his  standard  method  of  making  up  cable. 

The  ultimate  object  of  cable  specifications,  from  the  view- 
point of  the  operating  company,  is  to  obtain  a  cable  that  will 
carry  the  maximum  number  of  amperes  at  the  operating  voltage 
and  temperature.  As  the  operating  voltage  is  fixed,  but  the  load, 
and  consequently  the  temperature,  varies,  it  might  be  advisable 
to  lower  the  voltage  test  requirements,  and  make  more  severe  the 
performance  requirements  incident  to  heating. 

Cable  Fault  Locating 

For  those  companies  that  still  operate  Edison  tube  systems, 
I  would  like  to  emphasize  the  importance  of  locating  faults  on 
Edison  tubes  with  an  interrupter  and  exploring  coil.  Where  a 
company  is  compelled  to  break  into  expensive  paving  in  order 
to  make  repairs,  it  cannot  afford  to  neglect  the  use  of  apparatus 
that  will  cut  down  the  expense  to  a  minimum.  Although  the 
Chicago  Company  is  eliminating  its  tube  system  as  rapidly  as  pos- 
sible, there  still  remains  a  considerable  amount  of  Edison  tubes 
in  service.  In  former  years  a  foreman  with  a  gang  spent  from 
two  days  to  a  week  making  street  openings  to  locate  a  fault  by 
the  cut  and  try  method ;  but  now  we  are  able,  after  spending  an 
*hour  or  two  exploring  with  a  large  triangle  coil,  to  uncover  the 
faulty  tube  in  the  first  opening. 

Selection  of  Duct  Size 

The  Committee  has  come  to  the  conclusion  that  3^  inch 
ducts  are  sufficiently  large  to  take  care  of  future  requirements. 
This  means  that  we  will  depend  upon  manufacturers  to  make 
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three-conductor  cable  of  much  larger  capacity  than  any  cable  now 
in  operation,  for  in  view  of  the  increasing  capacity  of  Prime 
Movers,  Rotary  Converters,  etc.,  we  surely  are  not  going  to 
limit  line  capacity  to  anything  like  seven  or  eight  thousand  kv-a. 
as  laid  down  by  the  Committee.  I  understand  that  manufactur- 
ers can  now  turn  out  a  12,000  volt  three-conductor  sector  cable 
of  600,000  cm.  with  the  3-inch  diameter  limit.  Large  com- 
panies, therefore,  will  be  warranted  in  gradually  changing  their 
entire  transmission  layout  by  adopting  as  standard  the  largest 
size  cable  it  is  possible  to  install  in  a  3yi  inch  duct  for  tie  lines 
between  generating  stations  and  trunk  lines  to  distribution  cen- 
ters. In  this  manner  cable  of  smaller  size  will  be  released  for 
utilization  elsewhere  as  feeders  from  distribution  centers  and  for 
minor  power  cables;  moreover,  as  we  double  the  size  of  the 
copper,  we  cut  in  half  the  mileage  required  and  thus  reduce,  pro- 
portionally, the  bum-outs  that  would  otherwise  occur  with  twice 
the  mileage  of  smaller  capacity  cable. 

E.  B.  Meyer:  I  notice  that  the  program  lists  several  names 
of  people  who  are  to  discuss  this  report,  and  I  will  call  upon  Mr. 
Bentley. 

R.  O.  Bentley,  Newark,  N.  J.:  I  have  read  the  report  of 
the  Committee  on  Underground  Construction  and  Electrolysis 
with  a  great  deal  of  interest.  To  prepare  a  report  of  this  charac- 
ter requires  a  great  deal  of  time  and  study  and  I  compliment  the 
Committee  upon  the  thoroughness  with  which  it  has  dealt  with 
its  subjects.  My  remarks  will  be  confined  principally  to  trans- 
mission cables  and  subway. 

Subtvays 

Operating  companies  do  not  as  a  rule  install  underground 
systems  from  choice  or  to  improve  service.  They  are  usually 
forced  to  install  them  to  meet  local  conditions.  Their  first  cost 
is  high,  and  where  they  are  used  for  high  voltage  transmission, 
the  maintenance  is  high.  Cable  failures  that  often  cause  long 
interruptions  to  service,  owing  to  the  nature  of  the  repairs  to  be 
made,  are  more  or  less  frequent.  I  would  not  criticize  the  meth- 
ods that  have  been  employed  in  the  design  and  construction  of 
these  subway  systems,  as  the  engineers  who  designed  them  did 
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good  work  with  a  rather  limited  experience.  Now  that  we  have 
had  several  years  to  study  the  outcome  of  their  efforts  we  should 
profit  by  them.  Many  central  station  loads  have  grown  so  rap- 
idly since  these  subway  systems  were  installed,  that  both  duct 
lines  and  cables  are  loaded  to  their  capacity,  and  the  unfortunate 
feature  is  that  the  situation  cannot  be  relieved  by  replacing  the 
cables  with  cables  having  larger  capacity,  as  the  present  ducts 
are  not  of  sufficient  size  to  receive  them.  In  my  opinion  for 
future  installations  ducts  not  less  than  4yi  inches  in  diameter 
should  be  used,  as  they  would  have  the  following  advantages: 
cables  could  be  more  readily  installed  or  withdrawn,  saving 
time,  equipment,  and  labor;  better  ventilation  would  be  obtained; 
cables  could  be  larger,  thus  making  belter  insulation  possible; 
conductors  could  be  larger,  thus  decreasing  the  number  of  cables, 
and  cable  joints  could  be  made  that  could  be  drawn  into  the 
ducts,  thus  eliminating  cable  waste.  As  all  of  these  advantages 
would  be  lasting,  they  would  warrant  the  increased  cost. 

Manhole  Spacing 

I  do  not  think  enough  attention  has  been  given  in  the  past 
to  the  uniform  spacing  of  manholes,  especially  in  transmission 
duct  lines.  In  my  opinion  great  care  should  be  given  to  spacing 
them  uniformly.  It  is  true  that  manholes  increase  the  cost  of 
subway  construction.  However,  if  the  operating  companies  had 
standardized  on  the  spacing  of  manholes  at,  say  300  feet,  there 
would  have  been  s6  many  advantages  over  the  present  arrange- 
ment of  spacing  them  at  distances  of  from  100  to  500  feet,  that 
the  cost  of  the  extra  manholes  would  have  been  justified.  I  am 
reminded  of  a  transmission  duct  line  with  manhole  spacings  as 
foUows:  107  feet,  296  feet,  381  feet,  379  feet,  179  feet,  156  feet, 
59  feet,  367  feet,  117  feet,  299  feet,  402  feet,  488  feet,  etc.  Think 
what  it  means  to  carry  a  stock  of  cable  to  make  replacements  in 
a  line  of  that  kind.  I  feel  reasonably  certain  that  the  waste  cable 
that  has  been  junked  after  making  replacements  in  this  line, 
would  have  paid  for  any  additional  manholes  that  might  have 
been  necessary  to  have  made  the  spacing  reasonably  uniform. 

There  is  also  room  for  improvement  in  the  manner  of  ar- 
ranging cables  in  manholes,  especially  in  transmission  lines.  I 
am  of  the  opinion  that  portable  non-combustible  shelving  could 
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be  arranged  in  such  a  manner  that  it  would  not  be  necessary  to 
cover  the  cables  with  cement.  Cement  covering  is  very  satisfac- 
tory in  protecting  adjacent  cables  in  the  event  of  a  failure;  how- 
ever, when  it  becomes  necessary  to  remove  the  cement  covering 
from  three  or  four  cables  before  the  faulty  cable  can  be  made 
accessible  for  repairs,  it  would  seem  that  a  study  for  improve- 
ment would  be  worth  while. 

High  Potential  Testing 

The  custom*  of  making  a  high  potential  test  on  repaired 
cables  before  again  placing  them  in  service  seems  to  be  quite 
general.  It  is  not  unusual  to  apply  a  potential  20  or  25  per  cent 
higher  than  the  operating  potential  of  the  taible.  My  opinion  is 
that  it  is  poor  practice,  and  that  faults  are  often  created  rather 
than  detected.  I  have  known  of  13,000  volt  cables  failing  two 
or  three  times  within  a  short  interval,  after  receiving  an  18,000 
volt  test.  It  was  said  the  test  "took  the  bugs  out  of  the  cable" ; 
I  think  it  put  them  in.  The  test  is  made  to  determine  whether 
the  repair  will  stand  the  operating  potential ;  if  it  will,  what  good 
reason  is  there  for  subjecting  the  entire  cable  to  an  abnormal  po- 
tential? I  am  informed  through  your  Committee  that  recent 
experiments  indicate  that  it  is  possible  to  make  a  cable  joint 
having  approximately  the  same  outside  diameter  as  the  cable. 
Several  of  these  joints  have  been  made  and  subjected  to  very 
severe  tests,  without  a  failure.  With  the  assistance  of  one  of 
your  Committee  we  expect  to  make  up  a  section  of  cable  using 
this  new  method.  We  will  then  place  the  cable  upon  a  reel  so 
that  it  will  be  handled  as  new  cable  when  being  installed.  It  is 
our  intention  to  place  in  service  for  13,000  volt  operation  several 
sections  made  up  in  this  manner.  If  the  result  we  expect  is 
attained,  the  cost  of  cable  replacements  as  well  as  the  cable  car- 
ried in  stock,  can  be  reduced  to  a  minimum,  and  it  will  not  be 
necessary  to  purchase  cable  stripping  machinery. 

I  would  again  commend  the  excellent  work  of  your  Commit- 
tee and  would  assure  it  that  it  has  not  been  my  intention  to  offer 
adverse  criticism,  but  simply  to  make  a  few  suggestions  and  com- 
ments that  may  be  worthy  of  consideration.     (Applause.) 

Mr.  Meyer:  Gentlemen,  we  have  about  twenty  minutes 
more.    I  would  be  glad  to  hear  from  anyone  else. 
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J.  A.  Brundige,  New  York  City:  I  understand  that  some 
of  the  Eastern  Power  Companies  have  a  method  of  periodically 
measuring  the  dielectric  conditions  of  their  cables  while  in  ser- 
vice. This,  I  believe,  consists  of  superimposing  high-voltage  direct 
current  on  the  normal  alternating  current,  and  by  some  means 
measuring  the  losses  in  the  cable,  thus  predicting  when  the  cable 
will  become  too  weak  for  safe  operation.  I  do  not  know  that 
any  of  the  reports  in  the  past  have  touched  on  that  subject,  and, 
if  not,  I  think  it  might  be  profitable  to  discuss  the  matter  at  some 
future  meeting. 

F.  T.  Adams,  Philadelphia :  On  page  214,  speaking  of  cov- 
ering the  cables  with  cement^  I  would  like  to  ask  the  Committee 
whether  any  thought  has  been  given  to  the  action  on  the  lead  by 
the  plaster  which  is  put  on  the  cables? 

J.  W.  Sylvester,  Philadelphia :  In  his  discussion  Mr.  Bent- 
ley  touched  upon  the  advisability  of  the  development  of  porta- 
ble shelf  manholes.  The  Philadelphia  Electric  Company  has  been 
constructing  and  using  such  a  manhole  for  the  past  ten  or  twleve 
years.  It  is  octagonal  in  shape,  and  the  shelves  of  soapstone,  one 
inch  thick,  rest  on  angle  irons,  which  are  supported  by  sockets 
built  into  the  wall,  a  construction  which  we  have  found  quite 
satisfactory.  As  it  is  unnecessary  to  install  any  of  the  alberene 
stones  until  the  installation  of  cables,  the  first  cost  of  the  con- 
struction of  the  manhole  is  materially  cut  down. 

J.  B.  NoE,  New  York  City :  It  might  be  interesting  for  me 
to  amplify  slightly  that  part  of  the  committee  report  dealing  with 
the  protection  of  cables  in  manholes.  The  possibility  of  a  bad 
manhole  fire  shutting  down  part,  or  even  in  some  cases  all,  of  the 
system,  is  now  generally  recognized,  and  most  companies  apply 
some  form  of  fireproof  covering  to  cables  in  manholes,  the  most 
generally  approved  mode  of  protection  being  a  cement  covering. 
The  original  method  of  application  was  to  wrap  a  light  rope  spi- 
rally around  the  cable,  and  with  this  as  a  binder  build  up  the 
required  thickness  of  cement.  This  construction  was  wrong  in 
principle,  in  that  an  inflammable  material — rope — was  used  as 
part  of  a  protection  which  was  supposed  to  be  fireproof.  To 
overcome  this  objection,  some  companies  are  using  instead  of  the 
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rope  a  material  known  as  "metal  lath."  This  is  a  ^-inch  square 
mesh  of  soft  iron  wires  with  a  square  of  fire  clay  baked  into  each 
intersection,  as  shown  in  the  accompanying  figure.     The  metal 


lath  comes  in  long  rolls  but  is  cut  into  strips  four  inches  wide 
and  about  five  feet  long,  which  strips  are  readily  applied  spirally 
to  the  cable  to  be  covered,  .the  ends  being  fastened  with  light 
twine.  The  cement  adheres  firmly  to  this  material  and  is  easily 
built  up  to  the  required  thickness. 

To  test  their  relative  heat  resisting  qualities,  samples  of  ce- 
ment protected  cables  with  rope  binder  and  with  metal  lath 
binder  were  subjected  to  very  severe  heat  from  an  oil  fire  and 
also  to  a  heavy  direct  ''urrent  arc.  The  cable  with  the  rope 
binder  developed  wide  cracks  in  the  cement,  the  rope  was  com- 
pletely carbonized,  the  lead  sheath  melted  and  the  paper  belt 
of  the  cable  badly  charred.  Though  some  slight  cracks  appeared 
in  the  cement  on  the  metal  lath  samples,  the  lead  did  not  melt 
and  there  was  only  a  slight  browning  of  the  outer  wraps  of  paper 
insulation. 
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As  is  stated  in  the  report,  one  company  has  found  difficulty 
in  using  a  fault  locator  of  the  exploring  coil  type  on  cable  pro- 
tected by  this  material,  owing  to  the  shunting  effect  of  the  iron 
wire  in  the  metal  lath.  In  view  of  the  marked  superiority  of  this 
type  of  protection,  it  does  not  seem  wise  to  condemn  it  for  this 
cause,  especially  in  view  of  the  fact  that  large  operating  com- 
panies report  that  fully  75  per  cent  of  high  tension  cable  faults 
are  located  by  the  Murray  Loop  method,  which  is  not  affected  by 
the  presence  of  the  metal  lath.  Even  in  the  most  extreme  cases, 
it  would  only  be  necessary  to  remove  the  covering  for  a  foot  or 
less  in  a  maximum  of  six  manholes  to  locate  a  fault  on  a  20,000 
foot  feeder,  and  the  cost  of  replacement  would  be  insignificant. 

It  is  possible  to  apply  the  cement  direct  to  the  cable  without 
any  binder,  but  our  experience  has  been  that  owing  to  the  diffi- 
culty in  making  it  stick,  the  labor  cost  is  higher,  it  is  difficult  to 
obtain  an  even  thickness,  and  there  are  likely  to  be  "pockets"  on 
the  lower  side  where  the  cement  sags  away  from  the  cable.  Also 
the  mechanical  strength  is  much  less. 

H.  L.  Wallau,  Cleveland:  In  Cleveland  we  have  been  using 
a  cement  covering  on  cheesecloth  in  preference  to  the  metal  lath. 

This  method  reduces  the  amount  of  combustible  material  to 
a  minimum.  It  consists  in  first  wrapping  the  cable  with  a  layer 
of  cheesecloth.  This  cheesecloth,  cut  into  rolls  four  inches  in 
width,  is  wound  on  the  cable  just  as  ordinary  friction  tape  is  in- 
stalled. On  top  of  this  a  coating  of  cement  and  sand  is  plastered, 
from  one-half  to  five-eighths  of  an  inch  in  thickness,  and  on 
this  is  wound  another  strip  of  cheesecloth.  Ordinary  bank  sand, 
in  which  there  is  some  loam,  is  used  and  is  mixed  in  two  to  one 
proportion  with  a  very  little  water,  to  the  consistency  of  very 
stiff  mud.  In  winding  this  on  with  cheesecloth  as  above  men- 
tioned, the  cloth  is  pulled  tight,  thus  forcing  the  grout  to  ooze 
out  between  the  meshes  of  the  cloth,  giving  the  cable  a  finished 
outer  surface.  Indeed,  when  the  cement  has  thoroughly  dried, 
the  cloth  cannot  be  seen.  It  is  not  advisable  to  go  over  this  with 
a  coating  of  neat  cement,  as  this  provides  too  fine  a  covering, 
and  cracks  will  result. 

The  covering  described  above  will  not  crack  under  any  con- 
dition, and  provides  a  surface  of  sufficient  roughness  to  radiate 


Digitized  by 


Google 


250 

heat  from  the  inside  readily.  It  is  evident  that  a  cement  coating 
of  this  thickness  will  perfectly  protect  the  cable  from  any  me- 
chanical injury,  and  it  is  a  fact  that  it  will  protect  it  from  very 
intense  heat  from  without. 

Lately  it  has  been  found  possible  to  eliminate  the  first  wrap- 
ping of  cheesecloth,  winding  the  cement  directly  onto  the  cable. 

Mr.  Meyer:  Gentlemen,  we  have  about  ten  minutes  more. 
Is  there  any  one  who  wishes  to  discuss  this  report  further? 

H.  Goodwin,  Schenectady :  One  of  the  speakers  referred  to 
testing  cables  with  high  tension  direct  current.  As  far  as  I  can 
recollect  it,  there  is  only  one  company  which  uses  this  method, 
and  I  am  not  sure  whether  it  will  continue  using  it.  That  is  the 
United  Company  of  New  York,  whose  conditions  are  rather  dif- 
ferent from  those  in  some  other  cities.  In  the  first  place,  I 
believe  it  is  used  only  on  the  2200  volt  system,  and  the  2200 
volt  system  is  all  single  conductor  cable.  The  United  Company 
used  a  constant-current  arc  machine,  connecting  one  side  of  it 
to  the  ground  and  the  other  to  one  of  the  buses  in  the  station. 
In  this  way  using  direct  current,  this  whole  system  was  raised 
up  to  any  potential  above  ground  desired.  If  there  are  any 
weak  spots,  these  break  down  to  ground  but  the  generator  being 
constant-current  there  is  no  seriously  destructive  short  circuit. 
This  method  is  evidently  not  possible  with  a  multi-conductor 
cable. 

The  United  Company  did  another  thing,  which  is  not  the 
general  practice  at  the  present  time,  I  think — certainly  not  where 
multi-conductor  cable  is  used — it  worked  on  the  single  conductor 
cable  alive.  For  these  reasons  and  the  difference  in  conditions, 
I  do  not  think  that  that  method  of  testing  has  been  generally 
adopted. 

Mr.  S.  J.  LiSBERGER,  of  San  Francisco,  summed  up  the  gen- 
eral feeling  of  many  engineers  in  regard  to  such  tests,  when  he 
said,  *'We  don't  believe  in  hitting  a  man  over  the  head  with  a 
club  to  see  whether  his  cranium  is  sound." 

Mr.  Meyer:  We  have  a  little  time  left,  gentlemen.  Is 
there  any  further  discussion  on  this  report? 

W.  A.  La  Due,  Jersey  City,  N.  J. :    I  want  to  compliment  the 
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Committee  on  this  paper  and  to  state  that  I  think  the  field  for 
continued  effort  by  this  Committee  in  the  future  consists  in  the 
study  of  a  new  manhole  in  which  it  will  not  be  necessary  to  wrap 
the  cables  with  any  fire  protection  material  There  are  several 
schemes  in  practice  whereby  cables  can  be  protected  from  com- 
municating the  arc  of  a  cable  breakdown  to  an  adjoining  cable. 
I  am  much  pleased  to  know  that  the  Philadelphia  Electric  Com- 
pany is  using  concrete  or  soapstone  shelves  in  its  manholes  which 
possibly  does  away  with  any  wrapping  and  affords  their  Mainte- 
nance Department  opportunity  of  making  proper  tests  with  a 
portable  fault  locator. 

Inasmuch  as  it  is  almost  impossible  to  create  standard 
lengths  of  cable  sections,  I  would  suggest  the  use  of  a  4^-inch 
duct,  particularly  for  transijtiission  purposes.  In  a  4>^-inch  duct 
line  with  the  use  of  4-inch  sleeves  for  joints,  all  cable  could  be 
pulled  out  and  reclaimed  with  the  exception  of  the  small  portion 
where  the  breakdown  occurred.  This  would  eliminate  the  exces- 
sive waste  due  to  failures  and  the  inability  to  reinstall  portions 
of  the  section  which  appeared  to  be  good.  In  conclusion,  I  am 
quite  sure  that  this  is  a  saving  worth  considering. 

Mr.  Meyer:  Is  there  any  other  discussion  on  this  report? 
Our  time  is  limited.  I  am  placed  in  a  rather  peculiar  position 
here  this  afternoon,  in  having  to  read  this  report  and  then  attempt 
to  take  the  place  of  the  Chairman  and  call  upon  the  various  mem- 
bers to  discuss  the  paper.  I  will  endeavor  to  sum  up  the  discus- 
sion and  close  it  so  that  we  can  continue  with  the  rest  of  the 
program. 

The  remarks  by  Mr.  A.  A.  Meyer  in  reference  to  the  use  of 
joint  filling  compounds,  are  very  well  taken,  I  think,  and  the 
Committee  is  particularly  desirous  of  hearing  from  other  com- 
panies on  this  subject.  The  difficulty  the  Committee  has  experi- 
enced in  the  past  is  that  the  questionnaires  sent  out  did  not  bring 
the  results  expected,  and  if  the  members  will  only  indicate  to  the 
Committee  what  their  problems  are,  I  think  we  can  all  benefit 
thereby.  If  a  letter  is  sent  to  the  Secretary,  or  to  National  Head- 
quarters in  New  York,  I  am  sure  it  will  bring  some  results. 

In  reference  to  the  several  questions  regarding  the  use  of 
larger  sized  ducts,  the  Committee  has  seriously  considered  this 
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subject,  and  while  in  many  cases  it  may  seem  desirable  to  use 
even  4^ -inch  ducts,  it  seems  to  be  the  opinion  among  the  com- 
panies represented  on  this  Committee  that  a  3^-inch  duct  is  of 
ample  size.  However,  there  seems  to  be  some  disagreement,  and 
undoubtedly  the  Committee  would  be  glad  to  go  over  this  subject 
at  some  future  time  and  perhaps  make  other  recommendations. 

Regarding  the  question  of  building  manhole  shelves  to  pro- 
vide for  the  better  protection  of  cables,  let  me  say  that  it  has 
been  tried  by  a  number  of  companies,  and  while  it  works  out  very 
well  in  manholes  used  for  transmission  purposes,  there  seems 
to  be  difficulty  in  providing  the  proper  shelving  in  manholes  that 
are  irregular  in  shape,  and  which  are  used  for  distribution 
cables  and  the  housing  of  sub-surface  equipment.  It  is  possible, 
however,  that  something  can  be  done  along  this  line. 

The  question  of  the  action  of  cement  covering  on  lead  cables 
was  raised  some  years  ago,  and  the  Committee  was  informed  at 
that  time  that  one  or  two  companies  experienced  some  trouble, 
but,  so  far  as  I  know,  the  investigation  developed  that  the  trou- 
ble experienced  was  not  due  so  much  to  the  application  of  the 
cement  as  to  the  cables  being  entirely  submerged  in  water,  which 
had  an  effect  on  the  lead  covering. 

I  think  I  have  covered  the  principal  points  which  were  not 
answered  in  the  discussion. 

I  again  want  to  emphasize,  however,  before  closing,  that 
any  one  who  has  any  problem  at  all  in  connection  with  under- 
ground work  should  get  in  touch  with  the  Committee,  because 
we  want  new  ideas  and  we  want  to  help  the  members  in  solving 
their  problems. 

I  believe  the  next  subject  on  the  program  is  the  presentation 
of  the  report  of  the  Committee  on  Overhead  Lines  and  Inductive 
Interference,  Mr.  A.  E.  Silver  of  the  Electric  Bond  and  Share 
Company,  Chairman.  I  am  going  to  ask  Mr.  Sproule  to  act  as 
Chairman  while  Mr.  Silver  is  presenting  his  report. 

(Mr.  Thomas  Sproule  thereupon  took  the  Chair.) 

Mr.  Sproule  :  In  the  absence  of  the  regular  Presiding  Offi- 
cer, I  will  ask  Mr.  Silver  to  present  his  report  of  the  Committee 
on  Overhead  Lines  and  Inductive  Interference. 
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REPORT   OF  COMMITTEE   ON   OVERHEAD   LINES 
AND  INDUCTIVE  INTERFERENCE 

During  the  war  period,  your  Committee  did  not  attempt  to 
hold  meetings  or  conduct  any  active  work  outside  of  attending 
to  current  matters.  It  is  only  during  the  past  few  months  that 
relaxation  of  the  war  stress  has  made  it  feasible  to  undertake 
resumption  of  more  nearly  normal  activities.  Any  accomplish- 
ments of  the  industry  in  the  field  of  the  Committee's  usual  activi- 
ties have  been  so  largely  of  an  abnormal  nature  that  in  this  re- 
port the  leading  attention  will  be  given  to  a  review  of  the  present 
status  of  certain  more  essential  problems  and  to  pointing  out  the 
course  that  would  seem  desirable  in  developing  the  future. 

INDUCTIVE  INTERFERENCE 
The  inductive  interference  situation  has  been  rather  inactive 
insofar  as  concerns  the  initiation  of  any  new  lines  of  activity 
coming  to  the  attention  of  the  Committee.  Perhaps,  the  greatest 
single  activity  has  centered  about  the  California  Joint  Committee 
in  the  way  of  some  further  technical  studies  and  attention  to 
improving  the  former  rules.  This  has  led  to  the  issuance  of  in- 
ductive interference  rules  in  modified  form  as  General  Order 
No.  52  of  the  State  Railroad  Commission,  effective  August  1, 
1918,  superseding  General  Order  No.  39. 

This  new  order,  while  framed  in  a  more  cooperative  spirit 
and  otherwise  indicating  a  better  mutual  understanding  of  the 
difficulties  encountered,  still  appears  to  lack  much  of  representing 
a  satisfactory  solution  of  the  inductive  interference  problems  of 
the  telephone  and  power  interests  of  California.  It  still  provides 
comprehensive  regulation  of  the  kind,  arrangement  and  methods 
of  operation  of  power  lines  and  apparatus,  with  relatively  little 
attention  given  to  the  corresponding  conditions  of  telephone  lines 
and  apparatus,  or  to  the  establishment  of  an  equitable  and  eco- 
nomic balance  between  the  corrective  measures  to  be  applied  to 
the  respective  systems. 

In  Nebraska  the  State  Railway  Commission  has  incorporated 
inductive  interference  rules  as  a  part  of  overhead  line  regula- 
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tions,  which  it  is  understood  will  be  issued  formally  at  an  early 
date,  as  more  fully  described  later  in  this  report.  It  is  note- 
worthy that  these  rules,  which  will  apply  essentially  to  lines  of 
2300  volts  and  less,  will  constitute,  it  is  believed,  the  first  instance 
where  a  State  Commission  has  felt  called  upon  by  legislative  act 
to  issue  rules  pertaining  to  inductive  interference  for  lines  of 
this  voltage. 

A  new  phase  of  the  inductive  interference  problem  is  de- 
manding attention,  having  arisen  with  the  increasing  use  of  the 
electric  arc  furnace,  owing  to  its  tendency  to  distort  the  wave 
form  of  a  system  from  which  it  is  supplied,  its  effect  being  essen- 
tially that  of  a  huge  arc  lamp.  Illustrative  of  this,  mention  is 
made  of  a  case  of  inductive  interference  affecting  the  power 
system  of  a  member  company,  the  Iowa  Heat,  Light  and  Power 
Company,  of  Grinnell,  Iowa.  A  furnace  of  approximately  300 
kv-a.  demand,  supplied  from  a  system  fed  by  generators  of 
relatively  small  aggregate  capacity  (approximately  double  the 
furnace  demand),  set  up  inductive  disturbance  from  a  feeder, 
which,  however,  while  fed  from  the  same  generators,  did  not 
carry  any  of  the  power  to  the  furnace.  The  disturbance  resulted, 
it  is  said,  from  a  distortion  of  the  wave  form  of  the  generators 
due  to  the  effect  of  the  furnace. 

Early  this  year,  the  Committee  was  called  upon  by  the  Sub- 
committee on  Wave  Shape  Standards  of  the  A.I.E.E.  to  assist 
in  gathering  data  from  actual  practice  on  which  to  base  values 
for  a  new  wave  shape  factor  called  the  "telephone  interference 
factor,"  which  it  is  proposed  to  incorporate  in  additional  Insti- 
tute standardization  rules  relating  to  permissible  wave  shape 
deviation  for  synchronous  apparatus. 

The  purpose  of  these  new  rules,  described  in  a  paper  by 
Mr.  H.  S.  Osborne*,  is  to  attack  the  inductive  interference  prob- 
lem at  the  source  of  the  disturbing  element,  by  efforts  to  elimi- 
nate or  restrict  the  harmful  components  from  the  wave  shape 
characteristics  of  the  machines  which  create  them.  It  is  stated 
that  if  in  any  25  or  60  cycle  power  system  no  harmonics  were 


♦Paper  by  Mr.  H.  S.  Osborne  appearing  in  the  January^  1919,  Pro- 
ceedings of  the  A.I.E.E.  entitled  "Review  of  Work  of  the  Sub-Commit- 
tee on  Wave  Shape  Standards  of  the  Standards  Committee."  A  supple- 
mentary memorandum  appears  on  Page  59  of  the  February,  1919,  Pro- 
ceedings. 
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present,  inductive  interference,  as  commonly  known,  would  not 
exist,  and  that  it  is  the  intent  that  the  new  rules  shall  encourage 
efforts  so  to  improve  apparatus  design  as  to  minimize,  insofar 
as  practicable  within  reasonable  limits  of  economy,  wave  shape 
deviations  that  would  occasion  inductive  interference. 

The  paper  in  question  does  not  offer  any  definite  quantita- 
tive estimate  of  the  benefits  that  may  result,  nor  does  it  make 
clear  the  extent  to  which  it  is  the  purpose  of  the  A.I.E.E.  rulps 
to  establish  standards  in  the  field  of  electric  power  and  telephone 
service. 

It  is  the  purpose  of  this  Committee  to  cooperate  in  this 
matter,  so  far  as  mutually  advantageous,  and  at  the  time  of 
writing  (March,  1919)  the  subject  is  being  given  attention  by 
the  respective  Committee  Chairmen  for  the  purpose  of  formu- 
lating a  satisfactory  plan  of  procedure  to  recommend  for  obtain- 
ing the  information  desired. 

A  paper  recently  published  by  Mr.  J.  A.  Whitlow*  contains 
a  carefully  prepared  review  of  the  legal  status  of  inductive  inter- 
ference between  power  and  telephone  lines. 

In  those  few  recent  specific  cases  of  inductive  interference 
of  which  the  Committee  has  learned,  a  solution  has  been  sought, 
by  mutual  desire,  through  cooperative  effort.  One  case  that 
might  be  mentioned  was  heard  in  June,  1918,  before  the  State 
Corporation  Commission  of  Virginia  upon  a  complaint  of  tele- 
phone users  that  the  service  of  a  local  telephone  company  was 
deficient  and  inadequate.  In  the  hearing  it  was  brought  out  that 
certain  of  the  telephone  circuits,  which  were  ot  the  ground  return 
type,  were  being  paralleled  by  a  new  power  line  which  would 
render  the  telephone  circuits  inoperative,  and  further  that  a  pri- 
vate agreement  had  been  reached  whereby  the  power  company 
would  reimburse  the  telephone  company  for  a  certain  minor  part 
of  the  expense  of  metallicizing  the  telephone  circuits  involved. 
The  Commission  in  ruling  that  the  telephone  company  should 
metallicize  the  circuits  and  giving  its  sanction  to  the  private 


♦Paper  presented  by  Mr.  J.  A.  Whitlow  before  the  Student  Section 
of  the  A.I.E.E.  Section  of  the  University  of  Missouri,  December  3,  1917, 
entitled  "The  Le^l  Status  of  Interference  Between  Overhead  Electric 
Power  Transmission  and  Telephone  Lines."  This  paper  is  reprinted  in 
the  June  1.  1918,  Missouri  Public  Utilities  Bulletin,  and  also  in  the  June 
and  July.  1918,  issues  of  the  'Telephone  Engineer." 
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agreement  as  to  division  of   expense,   delivered   the   following 
opinion: 

"Interference  with  existing  grounded  telephone  circuits 
by  high  power  transmission  lines  will  necessarily  become 
an  increasing  problem  as  time  goes  by  and  as  electric  power 
continues  to  be  developed.  It  is  highly  desirable  for  the 
.  good  of  the  whole  community  that  power  companies  be  en- 
couraged, with  due  regard  always  to  the  existing  prior 
rights  of  the  telephone  enterprises.  This  Commission  ex- 
pects to  pursue  a  policy  accordingly,  and  will  require,  as 
occasion  may  arise,  such  reconstruction  of  telephone  lines 
as  will  enable  power  companies  to  exist  and  operate  without 
being  forced  to  bear  excessive  financial  burdens.  It  will  be 
a  matter  for  determination  in  each  individual  case  as  to  that 
part  of  the  expense  of  changes  from  grounded  to  metallic 
lines  to  be  borne  by  power  companies." 

In  general,  it  is  believed  that  the  tendency  hitherto  has  been 
disproportionately  toward  segregating  the  disturbing  influence 
rather  than  toward  development  of  suitable  methods  of  co- 
ordination, although  of  course  there  is  no  desire  to  question  the 
desirability  of  keeping  lines  apart,  other  considerations  being 
equal.  Furthermore,  in  the  recent  efforts  towards  overhead  line 
regulation,  particularly  those  of  California  and  Nebraska,  there 
seems  to  be  a  tendency  to  favor  telephone  lines  as  against  power 
lines  in  the  use  of  highways.  Any  leaning  in  this  direction  is 
believed  fundamentally  unsound  and  detrimental  to  the  public 
interest,  as  well  as  imposing  unjustifiable  hardships  upon  the 
power  companies.  The  industrial  and  general  development  of 
the  country  is  coming  more  and  more  to  depend  upon  widespread 
and  adequate  supply  of  electrical  power,  which  in  turn  involves 
increasing  use  of  electric  lines  of  the  higher  voltages,  which  are 
most  likely  to  give  rise  to  interference,  particularly  of  the  higher 
distribution  voltages.  Any  undue  expense  and  difficulties  im- 
posed upon  the  construction  and  extension  of  these  lines  can  only 
result  in  delaying  and  hindering  industrial  development  and 
general  public  prosperity. 

Clearly,  the  general  inductive  interference  situation  requires 
continued  and  increasing  cooperative  efforts  between  the  parties 
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at  interest,  both  in  the  way  of  engineering  analysis  to  gain  a  better 
muttial  understanding  of  the  contributing  factors  in  all  the  ap- 
paratus concerned,  and  in  so  laying  out  and  coordinating  any 
extensions  of  lines  or  equipment  as  to  guard  against  harmful  dis- 
turbances. The  indispensability  to  the  public  of  adequate  service 
of  each  class  lends  emphasis  to  the  importance  of  this  coordina- 
tion, but  in  effecting  it  there  is  real  danger  of  an  undue  share  of 
the  responsibility  falling  on  the  system  which  contributes  the 
disturbing  influence,  an  influence,  however,  which  is  harmful  to 
no  other  than  the  peculiarly  sensitive  telephone  apparatus.  This 
is  partly  due  to  the  power  men's  lack  of  knowledge  of  both  sides 
of  the  question,  which  has  naturally  followed  from  the  condition 
that  it  is  in  the  telephone  system,  the  system  of  the  supersensitive 
facilities,  where  the  disturbing  effects  are  felt,  which  fact  has 
been  an  effective  incentive  for  telephone  engineers  to  study 
thoroughly  the  power  system  side  of  the  problem,  while  on  the 
other  hand,  since  the  power  system  is  not  susceptible  to  any 
similar  disturbance,  the  power  engineers  have  lacked  this  direct 
incentive  for  close  study  of  the  telephone  side.  This  effect  is 
occasion  for  even  greater  apprehension  when  recognition  is  given 
to  the  fact  that,  as  the  art  advances,  the  sensitiveness  of  tele- 
phone apparatus  is  constantly  increasing. 

The  highly  technical  nature  of  the  subject,  as  well  as  the 
lack  of  publicity  of  technical  details  of  telephone  apparatus,  has 
also  tended  to  discourage  power  engineers  from  attempting  an 
understanding  of  the  telephone  company's  side  of  the  interference 
problem,  while,  on  the  other  hand,  the  engineers  of  the  American 
Telephone  and  Telegraph  Company  have  been  thoroughly  alive 
to  keeping  posted  on  all  the  technical  details  of  power  apparatus 
and  methods  of  use,  and,  furthermore,  have  collected  much 
specific  information  of  this  kind  from  individual  power  systems. 
The  natural  result  is  that,  in  negotiating  inductive  interference 
problems,  the  outcome  is  likely  to  be  unduly  favorable  to  the 
telephone  side. 

Furthermore,  member  companies  must  keep  constantly  in 
mind  the  fact,  so  many  times  evident,  of  the  disadvantage  to  the 
industry  in  any  controversy  from  the  lack  of  thoroughly  coordi- 
nated effort  due  to  its  being  composed  of  many  individual  com- 
panies, versus  a  strictly  centralized  control  such  as  that  of  the 
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telephone  industry,  as  coordinated  and  directed  from  the  central 
office  of  the  American  Telephone  and  Tel^raph  Company.  It  is 
to  counterbalance  this  handicap  partially  that  in  the  matter  of 
inductive  interference  the  Committee  stands  ready  to  render 
every  assistance  possible  and  wishes  to  act  as  a  medium  for 
enabling  the  many  companies  to  work  together  more  effectively. 
To  this  end  the  Committee  urges  member  companies  to  keep  it 
thoroughly  posted  on  any  activities  of  this  sort  so  that  before 
conclusions  are  reached  advantage  may  be  taken  of  the  experi- 
ence of  others  and  safeguards  provided  against  establishing 
precedents  likely  to  prove  embarrassing  to  the  industry  in  other 
localities. 

An  article  by  Mr.  John  B.  Taylor  containing  a  discussion 
of  interest  relating  to  the  more  technical  aspect  of  some  of  the 
active  inductive  interference  problems  will  be  found  appended 
to  this  report. 

OVERHEAD  LINE  REGULATIONS 

Owing  to  precedqnce  of  war  emergency  demands  there 
has  been  very  little  attention,  so  far  as  the  Committee  has  learned, 
on  the  part  of  State  Public  Utility  Commissions  to  initiate  the 
promulgating  of  overhead  line  regulations.  However,  in  some 
States  where  such  proceedings  were  already  in  progress,  these 
have  been  continued  and  rules  issued. 

Among  these  are: 

The  Pennsylvania  Public  Service  Commission  has  issued  an 
order*  r^^lating  overhead  line  construction  at  crossings. 

The  Public  Utilities  Commission  of  Kansas  has  issued  over- 
head line  regulations.**  These  rules  are  in  general  based  upon 
the  1916  Edition  of  the  National  Electrical  Safety  Code. 

In  Nebraska,  it  is  learned,  that  pursuant  to  legislation  enacted 
in  1915  and  amended  in  1917,  "so  that  reasonable,  safe  and 
efficient  operation  of  existing  lines  shall  not  be  interfered  with," 
a  set  ot  rules  has  been  prepared  under  the  direction  of  the  State 
Railway  Commission,  and,  following  a  formal  hearing  on  March 


*  Pennsylvania  Public  Service  Commission,  General  Order  No.  3,  *ln 
the  Matter  of  the  Regulation  of  the  Construction  of  the  Crossing  of  the 
Wires  ofs  a  Public  Service  Company  Over  or  Under  the  Facilities  of 
Another  Public  Service  Company,"  eflFective  February  27,  1917. 

**  Public  Utilities  Commission  of  Kansas,  Docket  No.  1944,  "Rules 
Relating  to  Wire  Construction,"  effective  July  30,  1917. 
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5,  1919,  it  has  been  stated  that  they  will  be  issued  and  made 
effective  promptly.  It  is  pertinent  to  note  that  the  peculiar 
framing  of  the  legislative  act  mentioned  in  effect  allows  freedom 
in  the  matter  of  location  of  signal  lines,  while  location  of  the 
power  lines  is  subject  to  approval  by  the  Commission.  The 
National  Electrical  Safety  Code,  1916  edition,  has  been  taken 
as  the  basis  for  the  portion  of  these  rules  pertaining  to  safety. 

The  Public  Utilities  Commission  of  Connecticut  has  issued 
rules*  covering  joint  use  of  wood  poles.  These  rules  are 
modeled  in  the  main  after  the  recommendations  of  the  American 
Electric  Railway  Association  for  joint  pole  usage. 

The  Public  Utilities  Commission  of  Utah  has  issued  an  or- 
der, effective  February  15,  1918,  tentatively  setting  up  the 
National  Electrical  Safety  Code  for  the  regulation  of  overhead 
'line  practice. 

In  the  matter  of  the  trial  application  of  the  National  Elec- 
trical Safety  Code,  issued  in  tentative  form  in  1916  for  ''exami- 
nation, trial  and  constructive  criticism,"  it  has  been  the  purpose 
of  the  Committee  to  encourage  conscientious  effort  by  all  mem- 
ber companies  in  trying  out  the  Code  in  their  regular  operations ; 
this  in  order  that  it  may  be  more  accurately  measured  against 
prevailing  good  practice  and  thereby  data  collected  for  assisting 
in  the  working  out  of  any  revisions  which  the  Bureau  of  Stand- 
ards may  undertake  prior  to  final  issuance  of  the  Code.  Unfor- 
tunately due  to  all  possible  diversion  of  effort  to  the  war 
emergency  to  the  extent  that  the  activities  of  the  industry  were 
in  effect  under  Government  direction  and  to  the  almost  entire 
lack  of  construction  activities  other  than  of  an  emergency  nature, 
it  has  thus  far  been  possible  to  accomplish  but  very  little  in  this 
direction. 

JOINT  USE  OF  POLES 

Joint  use  of  poles  by  power  companies  and  telephone  com- 
panies is  of  much  concern  to  the  industry  for  reasons  of  conser- 
vation and  public  convenience,  and  every  reasonable  effort  should 
be  made  to  further  its  general  application  along  sound  lines.  It 
is  of  increased  concern  both  because  of  the  accentuated  need 


♦Public  Utilities  Commission  of  Connecticut,  Order  D,  Docket  No. 
1447,  **Approving  and  Establishing  Rules  and  Specifications  Governing 
Joint  Wood  Pole  Line  Construction,'*  effective  April  1,  1917. 
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of  economizing  during  the  present  situation  of  high  construction 
costs  and  because  of  growing  civic  interest. 

Prevailing  telephone  practices  thus  far  have  acted  definitely 
to  discourage  extensive  joint  use,  as  they  limit  it  to  circuits  not 
exceeding  5000  volts  and  make  no  suitable  provision  for  meeting 
the  condition  of  higher  voltage  circuits  when  required  in  the 
development  of  power  company  business.  Nevertheless  experi- 
ence with  joint  use  at  the  lower  voltages  supplemented  by  the 
experience  of  several  companies  with  joint  use  at  higher  voltages, 
clearly  indicates  that  the  public  and  all  other  parties  at  interest 
can,  in  general,  realize  through  this  medium  greater  safety,  con- 
venience, and  economy. 

There  is  undoubtedly  a  very  definite  need  for  a  more  com- 
prehensive and  better  balanced  working  plan  for  joint  use,  in 
order,  in  the  public  interest,  to  foster  its  broader  application. 
Cooperative  eflForts  of  the  power  and  telephone  interests  have 
been  in  progress  for  the  past  year  or  more  at  the  instance  of 
the  Pennsylvania  Electric  Association,  the  aim  being  to  preparjB 
a  more  suitable  form  of  joint  use  contract  and  specifications, 
intended  as  a  help  to  its  member  companies  in  the  matter  of 
joint  use  practice.  In  view  of  this  and  of  the  uncertainty  as 
to  what  attention  may  be  given  to  the  subject  in  the  final  issue 
of  the  National  Electrical  Safety  Code,  the  Committee  has  be- 
lieved it  inopportune  to  undertake  any  immediate  efforts  along 
this  line.  It  should  not  be  overlooked  that  the  inductive  inter- 
ference problem  enters  as  an  important  influence  in  retardins; 
advancement  of  the  joint  use  situation. 

^STANDARDIZATION  OF  LINE  MATERIALS 

Stimulated  by  the  results  accomplished  by  a  committee  of 
the  War  Department  in  the  matter  of  standardization  of  over- 
head line  materials  for  War  Department  uses,  all  as  a  part  of 
the  general  activities  of  the  War  Industries  Board  to  meet  the 
overseas  emergency  needs  by  facilitating  production  and  elimi- 
nating needless  duplication  of  equipment  and  materials,  the 
Committee  believes  that  the  line  material  lists  of  most  central 
station  companies  oflFer  opportunity  for  effective  improvement 
through  eliminations  and  simplification.  To  this  end,  the  Com- 
mittee is  undertaking  to  prepare  standard  schedules  for  the  more 
essential  line  materials,  expecting  to  take  advantage  so  far  as 


Digitized  by 


Google 


261 

practicable  of  the  work  already  done  along  this  line  by  manu- 
facturers and  others  in  formulating  these  War  Department 
standards. 

MISCELLANEOUS  MATTERS 

Among  the  many  war-time  suggestions  made  by  manufac- 
turers for  the  purpose  of  facilitating  production  was  a  proposed 
new  standard  for  cable  stranding.  This  proposed  standard  is 
based  upon  utilizing  a  minimum  number  of  strand  sizes,  and 
designating  each  cable  in  terms  of  the  niunber  and  diameter  of 
strands  composing  it,  rather  than  in  terms  of  the  circular  millage 
as  at  present.  It  is  claimed  that  by  thus  reducing  the  number 
of  sizes  of  wire  strand,  the  problem  of  manufacturers'  stocks 
will  be  much  simplified  and  that  the  manufacturers,  particularly 
those  who  do  not  draw  their  own  wire,  can  make  more  prompt 
deliveries.  Presumably  also  there  should  be  some  slight  saving 
in  cost.  Objections  are  being  oflFered  to  the  proposed  new 
standard  on  the  ground  that  it  will  disturb  established  design 
practice  and  that  inconvenience  will  result  due  to  too  large  steps 
between  cable  sizes  and  unsuitable  size  of  individual  strands 
for  certain  classes  of  cables,  and  also  that,  due  to  different 
outside  diameters,  existing  schedules  of  cable  fittings  will  require 
modification.  The  Committee  has  undertaken  to  gather  an 
opinion  upon  this  recommended  new  cable  stranding  standard  in- 
sofar as  it  aflFects  practice  in  overhead  distribution  and  transmis- 
sion conductors. 

In  the  matter  of  insulator  depreciation,  particularly  in  higher 
voltage  usage,  it  is  believed  that  this  still  prevails  at  an  unde- 
sirably rapid  rate,  although  so  far  as  the  Committee  has  been 
able  to  learn,  there  has  been  very  little  effort  put  forward  during 
the  war  period  to  analyze  the  causes  further.  Renewed  activity 
in  the  form  of  comprehensive  insulator  analysis  and  research  is 
greatly  needed,  particularly  in  the  matter  of  design  and  manu- 
facture. '  The  Committee  is  anxious  to  keep  in  touch  with  the 
experience  on  insulator  performance  and  urges  member  com- 
panies to  observe  closely  and  keep  a  record  of  the  results  obtained 
from  the  different  styles  of  insulators,  particularly  those  of  sus- 
pension type  or  more  recent  manufacture.  The  Committee  will 
be  glad  to  receive  any  such  data. 

In  the  matter  of  revision  of  the  Overhead  Line  Handbook, 
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which  the  Committee  has  had  in  mind  for  some  time,  it  has  been 
considered  preferable  to  await  the  outcome  of  changes  in  practice 
that  may  be  attendant  upon  the  final  shaping  up  of  the  National 
Electrical  Safety  Code  situation. 

Respectfully  submitted, 

A  E  Silver,  Chairman 
R  L  Baker 
Markham  Cheever 
R  D  Coombs 
A  A  Dion 
E  D  Edmonston 
John  B  Fisken 
H  B  Gear 
R  H  Halpenny 
T  O  Kennedy 
T  F  Johnson 
J  C  Martin 
W  E  Mitchell 
W  T  Morrison 
B  E  Morrow 
C  R  Oliver 
C  S  Ruffner 
Thomas  Sproule 
^  John  B  Taylor 

W  R  Thompson 
W  K  Vanderpoel 

J   E  WOODBRTDGE 

Mr.  Sproule:   Will  Mr.  Taylor  come  forward  and  present 
his  portion  of  this  paper,  please. 
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APPENDIX  TO  REPORT  OF  COMMITTEE  ON 

OVERHEAD  LINES  AND  INDUCTIVE 

INTERFERENCE 

TELEPHONE  DISTURBANCE  BY  INDUCTION 
By  John  B  Taylor 

The  Report  of  the  Committee  on  Overhead  Lines  and  In- 
ductive Interference  calls  attention  once  more  to  the  need  of 
real  cooperation  between  those  engaged  in  the  business  of  dis- 
tributing electric  power  and  those  who  have  in  their  charge 
telephone  commimication  over  electrical  circuits. 

Nothing  new  has  happened  to  modify  the  natural  laws  of 
electrostatic  and  electromagnetic  induction.  It  is  not  practicable 
nor  even  possible  for  the  transmission  engineer  to  arrange  cir- 
cuits and  conductors  so  as  to  avoid  entirely  surroimding  "fields," 
i.  e.,  electrical  and  magnetic  conditions  in  space  outside  of  the 
conductors. 

Often  it  is  equally  impracticable  and  impossible  for  the  tele- 
phone engineer  so  to  locate  his  lines  that  they  will  be  completely 
outside  of  the  fields  or  space  influenced  by  other  electric  lines. 

The  net  result,  well  known  to  all  electrical  engineers,  is  that 
the  "fields"  cause  electrical  pressures  and  currents  to  be  es- 
tablished "by  induction"  in  the  adjacent  telephone  lines  and 
connected  apparatus. 

If  there  were  not  so  great  a  difference  between  the  electrical 
pressures  and  currents  used  in  the  transmission  of  power  and 
those  used  in  the  telephonic  transmission  of  speech,  the  avoid- 
ance of  interference  from  the  induced  currents  would  be  a  com- 
paratively simple  matter.  The  telephone  company,  by  properly 
arranging  the  two  sides  of  its  circuits  and  by  transpositions  of 
the  conductors,  as  well  as  by  other  expedients,  can  establish  a 
"balanced"  condition  which  g^reatly  reduces  the  magnitudes  of 
the  induced  voltages  and  currents  and  hence  the  noise  pro- 
duced in  the  telephone  receivers  at  the  ends  of  the  line.  Simi- 
larly, as  a  further  step,  there  is  the  possibility  of  setting  up  bal- 
anced or  opposing  fields  in  the  power  circuits  by  interchanging 
or  transposing  the  line  conductor  positions,  such  transpositions 
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being  obviously  most  efficient  when  properly  coordinated  with 
those  established  in  the  telephone  circuits. 

The  sensibility  of  the  telephone  is,  however,  such  that  appre- 
ciable disturbing  sounds  may  be  heard  due  to  the  small  currents 
which  circulate  as  a  result  of  the  practical  difficulties  in  setting 
up  perfectly  insulated  and  balanced  telephone  lines. 

The  problem  thus  becomes  one  of  experience  and  com- 
promise among  many  factors,  viz. : — 

1.  How  much  "noise"  should  be  tolerated  by  the  user  of  the 
telephone? 

2.  How  far  can  the  telephone  apparatus  and  lines  be  modi- 
fied in  the  way  of  making  them  less  sensitive  to  induction 
disturbance  without  unduly  increasing  the  cost  or  limiting 
the  service? 

3.  If  on  the  telephone  lines  there  is  set  up  a  phantom  cir- 
cuit which  is  more  susceptible  to  induction,  and  hence  more 
likely  to  be  noisy,  should  this  phantom  circuit  or  the  simple 
circuit  be  taken  as  criterion  when  asking  a  power  company 
to  help  out  by  modiiyihg  its  system? 

4.  If  the  telephone  makes  use  of  "grounded  neutrals"  on  its 
own  system,  should  this  be  overlooked  when  scrutinizing 
the  effect  of  a  grounded  neutral  oh  the  power  system  ? 

5.  In  power  systems  operating  with  grounded  neutrals,  how 
far,  in  the  determination  of  the  number,  location  and  char- 
acter of  the  ground  connections,  should  the  power  com- 
panies sacrifice  their  own  requirements  as  to  reliability  and 
continuity  of  service  to  meet  the  wishes  of  the  telephone 
companies  ? 

6.  If  the  normal  development  of  electrical  apparatus  results 
in  wave  shapes  with  components  likely  to  occasion  disturb- 
ance in  telephone  circuits,  how  far  should  designers  be 
limited  and  manufacturing  economies  be  foregone  to  meet 
a  wave  shape  standard  restricting  such  components? 

7.  Should  a  power  company  refuse  to  take  on  a  customer  if 
the  current  demanded  by  the  commercial  process  reacts  on 
the  system  to  alter  the  wave  shape  in  a  manner  likely  to 
occasion  inductive  interference? 

8.  Does  the  present  general  practice  in  the  design  and  opera- 
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tion  of  the  telephone  lines  and  equipment,  which  in  the 
main  has  been  established  under  earlier  conditions  when  ex- 
ternal inductive  interference  was  not  a  serious  problem, 
represent  the  best  adaptation  practicable  to  mod^n  conditions 
when  the  industrial  development  of  the  country  demands  an 
ever-increasing  use  of  high  voltage  lines? 
Many  more  questions  similar  to  the  items  in  the  above  list 
might  be  set  down,  but  these  are  enough  to  show  the  complexity 
of  the  situation  and  the  need  of  mutual  understanding  on  the 
part  of  the  power  interests,  telephone  interests  and  the  public. 
The  same  three  parties  must  cooperate  if  the  Public  Service  regu- 
lations and  Commission  rulings  are  to  be  in  fact,  as  well  as  in 
theory,  expressions  of  the  best  public  interest. 

We  may  start  with  the  asstmiption  that  the  power  companies 
wish,  within  practicable  economic  limits,  to  construct  and  operate 
transmission  and  distribution  systems  in  a  manner  to  make  the 
minimum  disturbance  on  adjacent  telephone  lines;  that  they 
stand  ready  to  consider  specially  selected  or  modified  apparatus, 
connections  and  construction,  all  adapted  to  relieve  the  interfer- 
ence situation.  They  feel  justified,  however,  in  asking  that 
assurance  be  given  that  before  being  called  upon  for  expensive 
and  restrictive  expedients  in  their  systems,  the  telephone  com- 
panies have  first  taken  all  reasonable  measures  on  their  own 
systems  to  remedy  the  conditions  of  disturbance,  or,  if  no  such 
direct  measures  be  effective,  that  they  are  at  the  same  time  co- 
operating in  similar  measures,  and  further  that  the  burden  of 
making  changes  or  incurring  special  expense  for  improvement 
of  telephone  service  be  equitably  distributed. 

In  general^  it  is  more  economical  and,  in  other  ways,  more 
satisfactory,  where  parallels  are  anticipated,  to  avoid  interfer- 
ence by  proper  initial  construction,  rather  than  to  make  sub- 
stitutions and  changes  after  starting  up  and  discovering  that  an 
interference  situation  exists  which  must  be  given  consideration. 
In  order  to  predict  and  avoid,  dependence  must  be  placed  on 
the  knowledge  of  characteristics  and  constants  of  both  power 
and  telephone  apparatus  and  lines.  If  the  accumulated  technical 
information  from  investigations  and  tests  is  supplemented  by 
knowledge  of  the  service  conditions  for  many  typical  cases  where 
power  lines  and  telephone  lines  operate  in  the  same  district, 


Digitized  by 


Google 


266 

including  cases  both  where  harmful  interference  has  been  occa- 
sioned and  where  it  has  not,  there  will  be  available  some  basis 
for  avoiding  and  correcting  disturbance.  Up  to  the  present 
time,  the  pertinent  features  of  generators,  transformers,  switches, 
lightning  arresters,  line  construction,  etc.,  are  generally  known 
through  published  descriptions  and  technical  discussions.  The 
corresponding  pertinent  features  of  telephone  apparatus,  systems 
of  connection,  line  construction  and  service  conditions  are  not 
in  the  same  way  available  for  consideration  and  discussion.  With 
the  best  of  intentions,  the  power  man  cannot  be  expected  to  take 
as  much  interest  in  relieving  a  situation  where  he  is  working 
more  or  less  blindly  as  he  would  if  supplied  with  a  more  definite 
and  understandable  statement  of  troubles  existing  and  steps  taken 
by  both  parties  to  improve  matters,  and,  finally,  a  statement  of 
the  "before"  and  "after"  disturbance  in  terms  of  standard  or 
well-recognized  measure. 

It  is  to  be  hoped  that  eventually  an  increasing  fund  of 
knowledge  and  experience  will  enable  establishment  of  certain 
generally  recognized  standards  of  practice  whereby  power  sys- 
tems, -following  approved  methods  of  design  and  construction  of 
generators,  apparatus  and  lines,  may  be  considered  to  have  done 
all  that  can  reasonably  be  required  except  in  special  cases  of 
long  or  severe  parallels,  and  whereby  telephone  systems  may 
be  expected  to  be  able  to  provide  satisfactorily  against  inter- 
ference except  in  such  special  cases,  and  further  whereby  gen- 
eral principles  governing  methods  to  be  followed  in  such  special 
case  may  be  outlined.  Unfortunately,  however,  the  state  of  the 
art,  or  at  least  of  the  general  knowledge  of  the  art,  does  not 
make  feasible  the  building  up  in  the  immediate  present  of  such 
standards  of  practice. 

In  particular  there  is  available  on  the  telephone  situation  no 
body  of  information  sufficient  for  establishing  what  is  reasonable 
and  permissible  in  setting  up  standards.  There  is  apparently 
more  activity  in  the  direction  of  making  limits  and  specifica- 
tions for  power  apparatus,  line  construction  and  connections  than 
there  is  in  establishing  a  scale  of  similar  preventive  measures 
which  must  be  carried  out  in  the  telephone  system  as  an  ante- 
cedent or  concomitant  condition  to  calling  into  effect  the  meas- 
ures specified  for  the  power  system.     As  it  is  obvious  that 
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better  progress  can  be  made  if  both  sides  of  the  situation  arc 
presented  and  discussed  at  the  same  time  and  in  the  same  manner, 
there  is  good  reason  for  urging  that  all  who  have  quantitative 
as  well  as  qualitative  information  see  that  it  is  made  available 
to  others  who  are  interested. 

In  a  case  of  interference,  the  telephone  engineers  will  ask 
or  obtain  information  on : — wave  shape  of  generators  and  other 
synchronous  machinery,  connections  of  transformers,  magnetic 
density  of  transformers,  types  of  switches,  lightning  arresters, 
line  construction,  line  transpositions,  presence  or  absence  of 
single-phase  feeders  or  extensions,  presence  of  grounded  neutral 
at  one  or  more  points,  etc. 

Some  of  the  corresponding  information  for  the  telephone 
system  which  should  be  brought  out  in  the  same  investigation 
would  be: — number  and  destination  of  exposed  circuits,  nature 
of  disturbance  experienced  and  amount  of  noise  (in  terms  of 
"noise  standard"),  balance  of  circuits  (both  as  to  conductor  re- 
sistance and  insulation  resistance),  description  of  circuit  such 
as  long  distance,  toll,  local,  ordinary  or  phantom,  superposed 
telegraph,  use  of  loading  coils,  use  of  repeaters,  use  of  balanced 
or  unbalanced  grounds  on  telephone  systems,  typical  diagrams 
of  the  diflFerent  classes  of  circuits,  etc. 

After  changes  have  been  made  with  a  view  to  reducing  the 
disturbance,  record  should  be  made  again  of  the  noise  and  also 
of  the  insulation  resistance  and  other  features  affecting  balance. 

As  to  the  possibilities  of  radical  changes  in  the  inductive 
problem,  little  can  be  suggested  except  the  recent  announcement 
by  the  American  Telephone  &  Tel^raph  Company  of  the  de- 
velopment and  limited  use  of  a  system  of  multiplex  telephony 
whereby  a  single  pair  of  wires  serves  for  carrying  four  or  five 
independent  conversations.  A  detailed  description  of  this  sys- 
tem has  not  yet  been  given  to  any  of  the  technical  societies  or  to 
the  technical  press,  but,  from  the  brief  and  popular  accounts, 
it  might  be  concluded  that  since  this  multiplex  system  makes 
use  of  considerably  higher  frequencies  than  the  frequencies  of 
speech  and  also  higher  than  the  more  important  harmonics  ac- 
companying commercial  transmission  frequencies,  the  multiplex 
system  should  be  more  free  from  noise  disturbances.  This  multi- 
plex development  will  naturally  be  watched  with  close  interest 
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by  all,  and  it  is  to  be  hoped  that  before  long  there  will  be  avail- 
able more  definite  information  as  to  its  relation  to  the  inductive 
interference  problem. 

Mr.  Taylor:  I  have  endeavored  to  point  out  that  there  are 
many  points  of  similarity  between  a  power  transmission  system 
and  a  telephone  line,  and  in  the  problem  of  their  relation, 
which  seems  to  be  mutual  to  the  extent  that  one  bothers  the  other 
and  the  otl^er  does  not  bother  the  one  in  the  same  way. 
The  electrical  and  magnetic  features  of  the  power  apparatus 
and  line  are  generally  familiar  through  presentation  and 
open  discussion  in  the  electrical  societies,  while  the  corre- 
sponding electric  features  of  the  line  and  the  electric  and 
magnetic  features  of  the  telephone  apparatus  are  not  generally 
so  well  known  to  the  electric  profession  at  large.  As  Mr.  Silver 
intimated  in  his  presentation,  the  result  has  been  that  there  has 
been  an  incentive  for  telephone  engineers  to  know,  naturally, 
their  own  apparatus,  and  also  to  investigate  and  collect  data  on 
the  power  system. 

Now,  of  course,  it  is  desirable,  in  attacking  any  problem,  to 
be  familiar  with  all  the  facts,  and  the  power  people  have  regard- 
ed the  telephone  line  as  a  special  thing  apart,  and  since  they  are 
not  familiar  with  the  details,  they  are  not  given  to  asking 
specific  and  pertinent  questions  when  one  of  these  interference 
cases  comes  up.  As  a  result  of  this,  I  think,  in  a  majority 
of  cases  the  Telephone  Company  merely  says:  "We  are  dis- 
turbed; we  would  like  to  have  it  made  thus  and  so;  change 
your  transformer  connections ;  change  your  grounds  and  put  in  , 
other  things  here  and  there."  I  don't  know  that  there  has 
been  any  disposition  on  the  part  of  the  telephone  people  to  take 
advantage  of  this  fact.  Nevertheless,  there  have  been  cases  where 
power  companies  have  been  put  to  considerable  trouble  and  ex- 
pense to  accommodate  the  telephone  company,  and  little  has  been 
presented  to  show  that  all  this  effort  has  been  productive  of  any 
real  result.  The  thought  that  I  have  endeavored  to  express  in 
this  appendix  is  that  the  problem  should  be  presented  more  evenly 
on  both  sides,  so  that  when  a  given  case  comes  up  and  the  data 
are  collected  on  the  power  line,  the  system  of  connections  and  the 
characteristics  of  the  apparatus,  at  the  same  time  the  bill  of  com- 


Digitized  by 


Google 


269 

plaint,  if  we  wish  to  call  it  that,  will  specify  what  the  trouble  is, 
not  merely  a  statement,  "we  are  bothered,"  because  that  is  what 
it  has  heretofore  been  limited  to  in  the  main.  That  is,  there  is  no 
reason  why  the  Telephone  Company  should  not,  in  addition  to  say- 
ing that  it  is  bothered  with  a  noise  of  a  certain  nature  which  ought 
to  be  done  away  with,  give  at  least  a  general  description,  if  not  a 
specific  description,  of  the  noise,  and  state  that  this  noise  is  of  a 
certain  amount. 

Now,  we  have  not  any  very  definite  noise  imit.  The  Tele- 
phone Company  has  a  noise  unit,  but  this  unit  is  not  as  generally 
familiar  as  it  should  be.  Similarly,  the  power  companies,  most  of 
them,  have  found  it  highly  advantageous  for  continuity  of  service 
and  reduction  of  breakdowns  to  ground  their  neutrals.  In  most 
cases  the  telephone  interests  think  this  gives  them  some  trouble; 
but  it  is  not  so  well  known  that  telephone  companies  make  use  of 
grounds  in  their  own  systems  for  similar  reasons,  increasing  and 
benefitting  their  service,  so  this  should  be  brought  out.  It  is  only 
fair,  when  attacking  a  case,  to  endeavor  to  set  up  according  to  a 
proper,  evenly  balanced  arrangement,  the  similar  facts  on  both 
sides  that  should  be  brought  forward,  and  they  should  be  con- 
sidered by  every  one  interested  who  makes  use  of  these  facts. 

Mr.  Sproule:  This  report  is  now  open  for  discussion,  and 
I  suggest  that  we  discuss  it  in  the  order  in  which  it  has  been  pre- 
sented, first  taking  up  the  question  of  inductive  interference.  I 
would  like  to  hear  from  Mr.  Gear. 

H.  B.  Gear,  Chicago:  There  are  one  or  two  points  in  this 
report  that  I  feel  should  be  further  emphasized.  With  regard  to 
this  proposed  establishment  of  a  telephone  interference  factor, 
some  of  you  may  have  seen  in  the  January  number  of  its  Pro- 
ceedings,  the  proposal  by  which  the  American  Institute  of  Elec- 
trical Engineers  proposes  to  establish  such  a  standard  The  tele- 
phone interference  factor  is  a  proposed  standard  based  on  the 
fact  that  the  telephone  is  most  sensitive  to  noises  having  a  fre- 
quency in  the  vicinity  of  800  to  1100  cycles.  A  mesh  of  resistance 
inductance  and  capacity  is  made  up,  the  parts  of  which  are  so 
related  that  they  have  a  circuit  in  which  the  instrument  is  con- 
nected which  is  sensitive  at  about  800  cycles.  When  this  instru- 
ment is  connected  to  the  circuit,  if  there  is  any  higher  harmonic  in 
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the  voltage  wave,  it  develops  in  this  network  at  about  that  fre- 
quency, and  the  instrument  will  read  much  higher  than  if  the  vol- 
tage wave  were  clear  of  such  harmonics.  It  is  proposed  by  the 
use  of  such  a  telephone  interference  meter  to  pick  out  wave  shapes 
that  are  bad  and  so  establish  a  specification  which  can  be  applied  in 
the  manufacture  of  machines  which  will  minimize  telephone  inter- 
ference and  protect  the  power  company  from  buying  machines 
that  are  likely  to  cause  such  trouble.  The  scheme,  however,  is 
still  incomplete  in  that  as  yet  there  is  no  relation  fixed  be- 
tween the  reading  of  the  interference  factor  meter  and  the 
amount  of  noise  which  any  particular  reading  of  that  meter  will 
make  in  a  telephone  receiver ;  and  until  the  telephone  company 
engineers  who  are  proposing  this  standard  present  something 
definite  as  to  what  values  of  interference  factor  would  be  con- 
sidered troublesome,  we  are  more  or  less  in  the  dark  as  to  the 
proposition. 

The  readings  which  have  been  taken  so  far  cover  quite  a 
wide  range  of  interference  factors,  running  from  11  up  to  500, 
but  it  is  impossible  to  say  at  present  whether  500  is  a  dangerous 
reading  or  whether  it  has  to  go  higher.  The  Overhead  Lines 
Committee,  however,  is  represented  on  the  sub-committee  of 
the  A.I.E.E.  which  has  this  matter  in  hand* and  wiH  not  agree 
to  any  policy  which  will  unduly  increase  the  cost  of  generating 
machinery. 

This  illustrates,  however,  very  clearly,  the  point  which  has 
been  mentioned  in  the  report,  that  the  engineers  of  the  Tele- 
phone Companies  are  watching  this  matter,  studying  it  with 
every  scientific  facility  at  their  command,  and  with  the  aid  of 
the  very  best  brains  in  the  organization. 

The  Committee  labors  under  the  disadvantage  of  not  hav- 
ing at  its  disposal  experienced  telephone  engineers,  and  also  of 
dealing  with  a  disorganized  group  of  member  companies,  many 
of  which  do  not  realize  apparently  that  when  they  get  a  case  of 
interference,  there  is  a  committee  of  the  Association  which  can 
help  them.  As  a  result,  they  are  at  a  serious  disadvanitage, 
because  they  are  dealing  with  people  who  are  experienced  in 
such  matters  and  know  how  to  get  what  they  want. 

The  thing  I  want  to  impress  upon  you  is  that  if  we  are  going 
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to  get  anywhere  the  Committee  must  be  kept  informed  as  to  the 
cases  which  arise  and  allowed  to  cooperate  in  such  cases. 

The  attitude  of  the  telephone  companies  toward  this  mat- 
ter, as  I  said,  is  naturally  one  of  great  concern.  In  most  cases, 
however,  they  have  been  quite  friendly  about  it,  perhaps  realiz- 
ing that  such  a  policy  is  most  effective.  Their  attitude  has  been 
to  cooperate  with  the  power  engineers  as  closely  as  possible  and 
get  all  the  information  they  could,  and  so  try  to  work  out  their 
schemes  with  the  benefit  of  the  information  that  is  available  from 
both  sides.  However,  we  cannot  lose  sight  of  the  fact  that  they 
are  working  for  their  own  interests,  and  all  the  information  that 
we  may  have  occasion  to  give  them  will  be  used  for  their  inter* 
ests,  and  it  is  up  to  us  to  keep  ourselves  informed  as  to  things 
about  their  business  which  may  be  of  interest  to  us  to  know  in 
making  these  settlements. 

Mr.  Sproule:  Mr.  Ballard  has  declined  to  take  over  the 
Chair,  so  I  will  have  to  preside  over  the  meeting. 

B.  E.  Morrow:  The  thoughts  that  Mr.  Gear  expressed  I 
think  are  along  the  right  lines.  We  had  some  practical  experi- 
ence in  Michigan  of  difficulties  due  to  inductive  interference, 
and  we  made  up  a  report,  a  copy  of  which  I  turned  over  to 
several  members  of  the  Committee.  Mr.  Morrison  of  our  Com- 
mittee has  condensed  the  report,  and  I  will  ask  him  if  he  will 
be  good  enough  to  read  the  brief  report. 

W.  T.  Morrison,  New  York  City:  Mr.  Morrow  has  asked 
me  to  cite  a  few  of  the  cases  pertaining  to  inductive  interference 
and  some  of  the  remedies  and  some  of  the  complaints  of  the  tele- 
phone companies. 

In  Case  No.  1,  the  transmission  line  voltage  was  140,000 
volts.  The  interference  was  with  three  Western  Unioa  tele- 
graph wires,  bne  of  which  operated  as  a  grounded  telephone  cir- 
cuit. The  lines  were  parallel  to  each  other  for  a  distance  of 
30  miles.  The  distance  between  the  centers  of  lines  was  35 
feet.  The  volts  induced  on  the  telephone  line  circuit  were  2300. 
The  resulting  trouble  on  the  telephone  line  was  a  fire  which 
started  in  a  telegraph  office  setting  firfs  to  wooden  telephone 
switchboards.     The  remedies  we  tried  were:  no  transpositions, 
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voltage  induced  on  telephone  circuits,  2300;  two  transpositions, 
voltage  reduced  to  500  volts;  8  transpositions,  voltage  reduced 
to  25  volts,  Western  Voltmeter  to  ground;  17  transpositions, 
current  on  telephone  line  still  exceeded  6  milli-amperes,  which 
is  considered  quite  noisy  by  the  telephone  company.  Resonant 
shunts  were  placed  around  the  telephone  relays,  reducing  the 
current,  so  that  the  relays  could  be  operated,  but  not  satisfac- 
torily. The  final  outcome  was  that  the  telq)hone  lines  had  to 
be  moved  further  from  the  power  lines.  This  was  done  at  the 
joint  expense  of  the  power  company  and  of  the  telephone  com- 
pany. 

*  In  Case  No.  2,  the  transmission  line  voltage  was  40,000 
volts.  The  lines  paralleled  each  other  for  several  miles.  The 
remedy  applied  was  the  transposition  of  power  lines,  which 
remedied  the  trouble  on  the  telephone  circuits. 

In  Case  No.  3,  the  transmission  line  voltage  was  140,000 
volts.  The  lines  paralleled  each  other  for  half  a  mile.  The 
distance  between  the  two  lines  was  60  feet.  The  distance  be- 
tween the  centers  of  lines  was  70  to  80  feet.  That  was  in  two 
parts,  one  part  60  feet,  and  the  other  70  to  80  feet.  The  tele- 
phone company  complaint  was  induction  and  possibility  of  fail- 
ure of  towers,  which  would  cause  physical  contact,  even  though 
lines  were  placed  on  opposite  sides  of  the  highway.  The  tele- 
phone company  complained  of  considerable  noise.  The  remedy 
applied  was  moving  the  telephone  line  at  the  joint  expense  of  the 
power  company  and  of  the  telephone  company. 

Case  No.  4  was  somewhat  similar :  transmission  line  voltage 
140,000  volts.  The  lines  paralleled  each  other,  in  one  section 
two  miles  and  in  the  other  section  three  and  a  half  miles.  The 
distance  between  the  centers  of  lines  in  the  first  section  was 
58  feet  and  in  the  second  section  40  feet.  The  power  lines  were 
on  a  private  right  of  way  and  the  telephone  lines  on  a  railroad 
right  of  way.  The  power  company  had  no  knowledge  that  the 
telephone  company  had  secured  a  permit  to  build  on  the  railroad's 
right  of  way.  The  remedy  applied  was  moving  the  telephone 
line  at  the  joint  expense  of  the  power  company  and  of  the 
telq)hone  company.  One  point  that  might  be  mentioned  is  the 
extra  expense  of  making  these  changes  afterwards,  and  the  pos- 
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sibility  of  avoiding  this  through  the  original  selection  of  routes, 
even  involving  an  additional  expense. 

In  Case  No.  5,  the  transmission  line  voltage  is  not  indicated. 
The  lines  paralleled  each  other  22  miles.  The  power  lines  were 
practically  over  the  telephone  company  wires.  The  telephone 
company's  complaint  was  the  menace  due  to  induction  and  pos- 
sible contact.  The  remedy  applied  was  moving  the  telephone 
lines  to  the  railroad's  right  of  way  at  the  joint  expense  of  the 
power  company  and  of  the  telephone  company. 

In  Case  No.  6,  the  telephone  line  was  over-built  by  the 
power  company  after  the  telephone  line  was  in  service  ten  years. 
The  power  company's  feeders  operated  at  600  volts.  In  some 
places  the  feeder  was  in  contact  with  the  cross-arms  of  the  tele- 
phone company.  The  telephone  company  complained  of  noise 
on  the  telephone  circuits.  The  noise  increased  to  a  serious 
extent  when  the  voltage  was  raised  from  600  to  1200  volts.  The 
section  affected  covered  12  miles.  The  telephone  company  tried 
transposing  its  wires  but  with  no  effect.  The  cause  of  the  trou- 
ble was  a  1250  cycle  alternating  current  generated  on  the  1200 
volt  direct  motor  generator,  due  to  armature  teeth  on  the  direct 
current  end.  This  was  remedied  by  resonant  shunts  placed 
across  the  direct  current  terminals  of  the  generator. 

In  case  No.  7,  the  transmission  line  voltage  was  140,000 
volts.  The  power  line  paralleled  a  telegraph  line.  The  tele- 
phone company  complained  of  induction  and  chattering  of  re- 
lays, making  it  difficult  to  use  instruments,  also  fires  caused  in 
the  railroad  station.  The  distance  between  the  centers  of  lines 
was  21  feet.  The  remedy  applied  was  the  moving  of  the  tele- 
phone lines  at  the  joint  expense  of  the  power  company  and  the 
telephone  company. 

In  Case  No.  8  mercury  arc  rectifiers  were  used  for  running 
a  trolley  road  which  paralleled  the  telephone  line  for  seven 
miles — 5,000  volt  mercury  arc  rectifiers;  5,000  volt  trolley  line. 
The  telephone  company  complained  of  disturbance  on  its  toll 
lines,  and  to  remedy  this  resonant  shunts  designed  for  arc  recti- 
fiers were  applied,  taking  off  most  of  the  disturbing  influence. 

F.  D.  NiMS,  Seattle,  Wash. :  I  know  of  a  case  of  inductive 
interference  which  was  set  up  at  30  miles,  but  the  line  operated 
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at  55  kv-a.  We  found  peculiar  noises  at  times  in  our  transmis- 
sion telq)hone,  and  it  took  us  some  time  before  we  finally  real- 
ized the  fact  that  they  were  due  to  the  charging  of  electrical 
arresters.  We  established  that  definitely.  They  were  very  dis- 
tinct and  very  plain.  The  noise  was  not  enough  to  be  at  all 
obnoxious,  but  the  question  comes  up,  if  we  can  get  those  con- 
ditions and  acttially  hear  the  charging  of  lightning  arresters  30 
miles  away,  what  are  the  telephone  companies  going  to  say  as 
to  a  parallel  when  you  have  a  distance  of  30  feet,  or  is  it  a  ques- 
tion of  a  mile  or  a  mile  and  a  half  or  what  is  the  distance  that 
constitutes  a  parallel? 

Mr.  Morrow:  Speaking  of  the  charging  of  lightning  ar- 
resters, we  have  a  time  fixed  for  charging  our  arresters,  and  at 
that  time  try  to  avoid  the  use  of  the  private  telephone.  We 
have  had  cases  of  15-  aftd  20-mile  parallels  where  there  was 
danger  of  rupturing  the  ear  drum  of  the  telephone  operator 
when  the  arresters  were  charged.  We  fix  a  time,  and  at  that 
particular  time  everybody  gets  away  from  the  private  telephone 
lines. 

Mr.  Sproule  :  Is  there  anything  further  on  the  question  of 
inductive  interference? 

Mr.  Taylor:  I  think  there  was  some  confusion  in  the 
contribution  of  Mr.  Morrow  between  telephone  and  telegraph. 
Apparently  it  was  a  telegraph  he  was  speaking  about.  Appar- 
ently he  was  confused  with  the  figures  presented.  It  was  a 
Western  Union  telegraph  line,  wasn't  it? 

Mr.  Morrow:    Telegraph  and  telephone  both. 

Mr.  Ta\xor:  In  reading  the  report  it  referred  to  a  tele- 
phone, and  I  presumed  it  was  telegraph.  What  I  want  to  say 
is  this,  when  you  have  a  network  of  wires,  as  you  have  almost 
everywhere  in  the  country,  it  is  possible  to  get  a  disturbance  by 
what  you  might  call  a  secondary  induction,  and  this  case  noted  of 
a  line  30  miles  away  might  be  explained  readily  on  the  assump- 
tk)n  that  the  disturbances  on  the  line  where  the  arresters  were 
being  charged  were  indicated  by  some  roundabout  processes 
which  I  won't  take  time  to  outline.  I  don't  mean  it  is  not 
possible  to  have  a  disturbance  at  any  distance.    It  is  just  a  ques- 


Digitized  by 


Google 


275      . 

tion  of  sensibility  of  apparatus.  But  there  are  peculiar  cases 
of  a  power  line  paralleling  a  telegraph,  where  the  charge  will 
not  be  developed  itself,  but  the  disturbance  might  be  transferred 
to  some  other  line,  which  might  in  turn  parallel  the  telephone 
line  in  some  places  where  the  disturbance  is  found.  In  other 
words,  you  can  have  disturbance  on  your  telegraph  and  tele- 
phone lines,  and  the  circuits  can  follow  over  these  two  wires  in 
such  a  way  that  they  do  not  have  to  flow  through  the  apparatus, 
and  that  disturb^ce  might  by  the  secondary  induction  disturb 
something  else.  In  regard  to  the  question  as  to  what  constitutes 
a  paralleling,  the  fault  seems  to  be  that  there  has  been  set  up 
no  criterion  of  disturbance  nor  a  criterion  of  paralleling.  It 
seems  to  be  entirely  in  the  hands  of  the  telephone  company  to 
raise  its  hands  and  say  it  is  bothered. 

Mr.  Sproule:  The  next  question  is  overhead  line  regula- 
tions, recent  commission  regulations  and  application  of  the  Na- 
tional Electrical  Safety  Code.  I  think  we  can  defer  discussion 
on  the  latter  subject  tmtil  after  the  discussion  of  the  report 
proper.  The  question  following  is  that  of  the  joint  use  of  poles 
by  power  and  telephone  circuits. 

C.  S.  Van  Dyke,  Schenectady,  N.  Y. :  On  the  joint  use  of 
poles  and  the  limitations  of  voltage,  we  have  run  into  this  con- 
dition: 

In  some  of  our  rear  lot  lines  we  have  2300  volt  lines  on  con- 
crete poles.  The  Telephone  Company  has  objected  to  going  on 
these  same  poles  with  telephone  circuits.  The  construction  is 
to  place  the  2300  volt  circuit  on  a  wooden  crossarm  with  stan- 
dard insulators.  This  has  been  in  use  for  a  couple  of  years.  It 
has  not  been  definitely  agreed  whether  or  not  these  poles  will  be 
jointly  used. 

Mr.  Morrison:  As  to  the  matter  of  stepping  poles  used 
jointly  by  electric  light  and  telephone  companies,  there  was  a 
recent  decision  rendered  where  a  boy  was  injured  by  climbing  a 
pole,  and  the  company  was  held  liable  for  allowing  the  steps  to 
be  so  convenient  for  climbing.  The  telephone  company  has  been 
erecting  poles  that  we  occupy  jointly  and  has  been  stepping  them 
within  a  foot  or  two  of  the  ground,  whereas  on  our  poles  we  do 
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not  step  within  nine  feet.    We  have  tried  to  make  it  not  so  con- 
venient. 

Mr.  Turner:  Before  Mr.  Spencer  answers  that  question 
I  would  like  to  ask  also  if  he  noticed  any  tendency  on  the  part 
of  the  telephone  company  to  reservations  in  their  joint  agreement 
We  have  recently  noticed  that  tendency  on  the  part  of  the  tele- 
phone companies. 

Paul  Spencer,  Philadelphia :  Replying  ^  Mr.  Morrison, 
I  have  not  the  specifications  before  me.  It  is  my  recollection 
that  the  matter  of  steps  is  taken  care  of  and  that  steps  are  stopped 
seven  feet  from  the  ground.    Is  that  right,  Mr.  Silver? 

Mr.  Silver:  I  am  not  sure,  but  it  agrees  with  the  Bureau 
of  Standards'  specification. 

Mr.  Spencer:  In  other  words,  the  steps  are  not  brought 
to  the  ground.  In  regard  to  the  question  of  reservation  of  par- 
ticular lines,  that  is  in  the  contract  as  applying  to  both  com- 
panies. Both  companies  have  a  right  under  the  contract  t^ 
object  to  the  use  of  any  particular  line  for  joint  use. 

O.  B.  Reemelin,  Dayton,  Ohio:  Regarding  the  question 
brought  up  about  the  joint  use  of  poles,  a  contract  was  presented 
to  the  Dayton  Power  &  Light  Company,  and  we  found  before 
the  contract  was  really  thoroughly  considered  that  the  Telephone 
Company  would  not  consider  6600  construction  with  its  main 
pole  lead  but  would  consider  6600  v<jlts  on  residential  lines.  In 
fact,  on  all  residential  leads  that  were  convenient  to  the  tele- 
phone company,  it  would  get  on  the  Dayton  Power  &  Light 
Company's  poles,  under  6600- volt  construction  and  if  asked  for  an 
agreement  would  never  enter  into  one. 

Mr.  Spencer:  There  is  just  one  point  brought  up  by  the 
last  speaker,  and  that  is  with  regard  to  just  how  much  existing 
joint  use  there  is;  with  circuits  in  excess  of  5,000  volts.  The 
telephone  companies  say  they  will  not  enter  into  a  joint  use  with 
5,000  volts,  but  undoubtedly  they  are  doing  so  in  many  places. 
The  Committee  would  be  glad  to  know  of  specific  instances 
where  the  telephone  companies  are  now  using  poles  jointly  with 
circuits  which  are  in  excess  of  5,000  volts. 
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Mr.  Silver:  I  do  not  feel  that  I  can  add  an3rthmg  to  what 
has  already  been  said,  but  I  will  offer  a  word  of  explanation 
concerning  the  intended  standardization  of  line  materials.  The 
Committee  did  not  get  down  to  active  work  on  this  item  this 
year,  but  has  endeavored  to  get  the  matter  shaped  up  so  that  it 
can  be  passed  along  as  a  part  of  next  year's  activities  if  the 
Committee  then  desires  to  take  it  up.  In  closing,  I  merely  want 
to  emphasize  that  the  Committee  is  anxious  to  serve  in  any  way 
that  it  can,  to  help  the  different  companies,  scattered  all  over 
the  country  and  operating  under  different  conditions,  to  coordi- 
nate their  efforts  in  developing  such  matters  as  inductive  inter- 
ference, joint  use  of  poles  and  others  pertaining  to  its  field  of 
work. 

J.  A.  Brundige,  New  York  City:  I  want  to  suggest  a  few 
things  on  the  line  of  insulator  investigation: 

The  report  of  the  Committee  on  Overhead  Lines  and  In- 
ductive Interference  touches  upon  insulator  deterioration  and 
suggests  the  need  for  a  comprehensive  insulator  analysis  and  re- 
search of  the  subject,  particularly  in  the  matter  of  design  and 
manufacture.  The  subject  of  insulator  deterioration  is  un- 
doubtedly one  of  serious  importance  to  operating  companies, 
for  notwithstanding  the  efforts  which  have  been  devoted  by 
manufacturers  and  other  investigators  towards  producing  insu- 
lators which  will  give  good  service  over  an  extended  period,  lit- 
tle progress  has  been  actually  demonstrated.  For  example,  the 
more  recently  manufactured  suspension  insulators  of  the  cap 
and  pin  type,  that  is  those  produced  during  the  last  four  or  five 
years,  appear  to  give  trouble  to  approximately  the  same  degree 
as  those  manufactured  in  earlier  years.  This  is  borne  out  by 
reports  received  from  a  number  of  sources  indicating  that  the 
rate  of  failure  of  vertically  hanging  units  as  usually  deter- 
mined by  megger ing,  amounts  to  roughly  4  per  cent  per  annum, 
while  those  mounted  in  the  tension  position  fail  at  a  rate  some- 
times exceeding  10  per  cent.  It  is  well  understood,  however, 
that  this  deterioration  ordinarily  does  not  begin  to  manifest  it- 
self until  after  approximately  three  years  in  service,  or  more 
properly  speaking,  three  y^ars  from  date  of  manufacture,  as- 
suming that  the  insulators  have  been  exposed  to  weather  con- 
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ditions  during  such  time.  In  certain  cases,  however,  the  trouble 
has  not  begun  until  the  fifth  year. 

There  is  some  question,  however,  as  to  whether  such  high 
rate  of  deterioration  continues  indefinitely.  Insulators  on  cer- 
tain of  the  older  lines  tend  to  show  a  slight  falling  off  in  the 
number  of  failures,  and  it  would  be  interesting  to  establish 
whether  there  are  certain  individual  units  which  will  last  indefi- 
nitely. Assuming  this  to  be  the  case,  and  that  these  units  could 
in  some  manner  be  located  immediately,  a  critical  study  of  their 
makeup  should  disclose  the  reasons  for  their  superiority  over 
the  apparently  similar  units  which  continue  to  fail. 

Pin  insulators  are  also  subject  to  deterioration  in  a  some- 
what similar  manner,  but  this  fact  has  not  been  generally  recog- 
nized until  quite  recently,  which  accounts  for  the  rather  meagre 
data  in  this  direction.  Trouble,  so  far  as  observed,  seems  to  pre- 
dominate in  the  larger  sizes,  but  the  nature  of  the  real  cause  is 
as  uncertain  as  with  the  suspension  type.  Certain  insulators 
of  early  design  have  been  observed  to  give  good  service  for  a 
considerable  period  of  years  and  then  to  begin  to  fail  at  an 
alarming  rate.  Other  lots  of  pin  t3rpe  insulators  designed  upon 
more  recent  lines  and  presumed  to  be  quite  free  from  danger- 
ous expansion  stresses,  have  failed  within  two  or  three  years 
from  the  date  of  manufacture.  In  practically  all  cases  the 
failure  manifests  itself  by  one  or  more  cracks  in  the  upper  shell 
in  the  vicinity  of  the  side  groove,  starting  in  a  circumferential 
direction  and  often  continuing  so  as  ultimately  to  bend  out  radi- 
ally toward  the  edge  of  the  skirt.  From  the  direction  taken  by 
the  cracks,  there  can  be  little  doubt  that  the  trouble  arises  in 
some  manner  through  expansion,  but  whether  caused  by  the 
presence  of  cement  or  by  some  internal  action  in  the  porcelain, 
IS  not  certain.  It  has  been  felt  by  some  investigators  that  the 
amount  of  cement  used  in  assembling  should  be  kept  at  a  mini- 
mum, although  instances  pointing  to  the  reverse  have  been 
brought  to  the  attention  of  the  writer.  These  features  are 
mentioned  to  show  some  of  the  difficulties  yet  to  be  solved. 

As  a  mode  of  procedure  in  attacking  this  problem,  the  writ- 
er has  in  mind  the  collection  of  very  complete  data  on  the  per- 
formance of  all  types  and  mak^s  of  insulators  in  service  over  a 
period  of  years,  taking  into  account  climatic  and  other  condi- 
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tions,  and  from  such  data  to  tabulate  suitably  or  araw  perform- 
ance curves  for  each  type.  These  data  might  then  be  turned 
over  to  the  manufacturers  to  aid  them  in  a  critical  study  of  the 
internal  characteristics  of  the  insulators  in  question,  the  results 
of  which  should  point  the  way  to  improvements.  The  only 
source  of  information  on  performance  is  the  power  companies, 
and  in  view  of  the  probable  relief  from  the  present  cost  and 
difficulties  of  patrol  testing,  it  is  felt  that  the  companies  would 
readily  respond  to  a  request  from  the  proper  source  to  adopt  a 
uniform  record  for  the  tabulation  and  forwarding  of  test  re- 
sults. 

In  adopting  a  standardized  data  sheet  form,  upon  which 
^o  record  insulator  performance,  it  is  suggested  that  spaces  be 
provided  for  keeping  all  incidental  data  such  as  whether  the 
insulator  supports,  if  on  wood  poles,  are  grounded  and  whether 
an  overhead  ground  wire  is  employed.  The  method  employed 
in  testing  should  be  stated  as  well  as  the  frequency  of  carrying 
out  such  tests.  Should  the  rate  of  deterioration  vary  materially 
on  different  sections  of  lines,  such  information  would  be  of 
prime  importance,  especially  when  accompanied  by  a  statement 
of  conditions,  such  as  variations  in  altitude  of  line  or  changes 
in  climatic  conditions,  or  whether  the  mechanical  forces  acting 
upon  the  insulators  are  different. 

As  a  means  of  determining  the  age  of  insulators,  it  is  rec- 
ommended that  the  manufacturers  adopt  a  system  of  stamping 
the  porcelain  parts  with  the  date  of  fabrication.  Otherwise  no 
certain  means  exist  of  identifying  the  age  of  any  individual  unit, 
because  replacements  are  more  or  less  continually  being  made. 

It  is  felt  by  the  speaker  that  the  insulator  problem  is  by  no 
means  solved  and  that  the  most  immediate  results  can  be  secured 
through  cooperation  by  the  power  companies  in  placing  coordin- 
ated and  well  analyzed  performance  data  in  the  hands  of  the 
manufacturers.  The  Committee  on  Overhead  Lines  and  Induc- 
tive Interference  would  seem  to  be  the  logical  body. to  initiate 
the  collection  of  data,  and  it  is  recommended  that  it  consider  the 
subject  with  the  view  of  taking  early  action. 

Mr.  Sproule  :  There  is  a  special  notation  in  the  program  to 
the  effect  that  following  this  report  there  is  to  be  a  special  dis- 
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cussion  of  the'^ report  of  the  Committee  on  Safety  Rules  and 
Accident  Prevention  relating  to  the  revision  of  Part  II  of  the 
Rules  for  the  Installation  and  Maintenance  of  Electrical  Supply 
and  Signal  Lines  of  the  National  Electrical  Safety  Code.  The 
revision  of  this  section  of  the  code  has  been  under  way  by  the 
Bureau  of  Standards  for  about  a  year  and  there  are  a  number 
of  questions  pending  of  importance  to  the  industry  regarding 
which,  it  is  felt,  a  free  discussion  should  be  obtaine^d. 
I  will  ask  Mr.  Eglin  to  open  this  discussion. 

W.  C.  L.  Eglin,  Philadelphia:  Mr.  Chairman  and  gentle- 
men, I  had  this  announcement  put  into  the  program  because  of 
the  short  time  available  in  which  to  discuss  the  report  when  it  is 
formally  presented  on  Thursday.  There  has  been  so  much  dis-, 
cussion  in  various  sections  of  the  country  regarding  the  Safety 
Code,  and  there  have  been  so  many  misunderstandings  regarding 
the  attitude  of  the  Bureau  of  Standards  towards  the  Safety 
Code  that  I  thought  it  well  to  make  some  explanation,  and  then 
on  Thursday  afternoon  we  hope  to  hold  a  special  meeting  in  this 
room,  at  which  we  can  get  right  down  to  a  working  program  for 
the  balance  of  the  year,  based  on  the  wishes  of  the  members  of 
the  Association,  their  relations  with  the  Bureau  of  Standards, 
and  on  such  revisions  as  they  desire  to  make  in  Part  II  of  the 
Safety  Code. 

At  the  beginning  of  the  war,  Mr.  Lieb,  then  President  of 
the  N.E.L.A.,  and  myself  as  Chairman  of  this  Committee,  and 
Mr.  Carty,  as  Chief  Engineer  of  the  Telephone  Company,  visited 
the  Bureau  of  Standards  and  stated  that  on  account  of  war  con- 
ditions none  of  our  companies,  or  the  telephone  companies,  had 
any  time  to  devote  to  the  further  preparation  of  rules  or  revis- 
ions of  rules,  and  that  the  code  as  then  issued  should  be  contin- 
ued until  the  close  of  the  war  on  the  basis  of  a  trial  use  and  trial 
use  only,  and  until  we  could  get  some  of  the  results  of  the 
application  of  the  code  before  us,  in  order  to  determine  whether 
the  code  was  to  be  revised  upwards  or  downwards  So  far  that 
has  been  true.  The  Bureau  has  kept  faith  and  the  companies 
have  gone  right  along  and  but  few  companies  have  really  adopted 
the  code,  although  some  have  tried  on  their  new  construction  to 
follow  out  carefully  the  code's  rulings.  Now,  we  have  reached 
a  condition  today  where  the  present  edition  of  the  Code  is  ex- 
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hausted,  and  a  new  one  must  be  printed.  Naturally  the  Bureau 
does  not  want  to  reprint  the  old  edition  because  errors  exist  in 
that  edition.  It  wants  to  change  these,  and  to  change  the  lan- 
guage of  some  of  the  rules.  Your  Committee  has  been  in  close 
touch  with  the  Bureau  throughout  this  revision.  There  are 
some  further  revisions  and  some  basic  changes  that  the  Bureau 
wants  made  in  the  code,  and  our  Committee  has  naturally  taken 
the  position  that  it  is  not  prepared  to  make  any  changes  in  the 
code  until  there  are  some  more  definite  expressions  of  opinion 
from  the  Association.  As  has  been  pointed  out,  there 
are  many  difficulties  iir  an  Association  of  this  kind  in  developing 
a  code  on  account  of  the  many  local  differences  and  standards 
of  practice  of  different  companies.  So  it  becomes  necessary  to 
work  out  here,  if  we  can,  some  plan  by  which  we  can  really 
cooperate  with  the  Bureau  of  Standards,  and  I  would  like  to 
remark  right  here  and  now  that  I  hope  no  one  has  come  here 
with  a  notion  to  do  anything  to  defeat  or  interrupt  or  hold  back 
the  progress  of  these  rules.  What  we  have  to  do  is  to  try 
to  work  out  a  workable  safety  code — ^not  an  unduly  hard  code — 
and  not  to  try  to  interrupt  or  interfere  or  delay.  I  think  the 
Bureau  has  shown  *a  tremendous  amount  of  patience — that  is, 
the  personnel  of  the  Bureau — in  its  dealings  with  us.  I  am  sorry 
to  say  that  our  attitude  in  the  past  has  been  more  or  less  of  a 
holdback  one  and  we  have  not  attempted  to  get  the  code  into  use 
as  rapidly  perhaps  as  we  could.  If  we  have  any  feelings  of  that 
kind,  the  sooner  we  leave  them  outside  the  room  the  better.  We 
must  get  right  down  to  business  in  these  meetings,  and  we  want 
at  the  meeting  Thursday  afternoon  in  this  room  to  hear  every- 
body who  is  interested.  We  want  suggestions  as  to  how  we  can 
practically  cooperate  in  the  best  possible  way  with  the  Bureau 
of  Standards  in  order  to  get  a  code  that  is  a  workable  code,  one 
that  will  not  produce  undue  hardship  but  will  produce  safe  con- 
struction; I»  for  one,  feel  that  we  must  have  safe  construction, 
and  that  anything  the  Bureau  can  show  us  is  not  safe  we  must 
be  ready  to  modify ;  I  hope  that  on  Thursday  afternoon  we  shall 
have  a  good  attendance,  representing  the  various  sections  of  the 
country,  and  I  hope  that  all  the  California  members  will  be  pres- 
ent because  it  is  very  important  that  our  Committee  should  have 
the  help  of  these  men. 
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Before  sitting  down  I  want  to  acknowledge  that  I  have  done 
none  of  the  work  as  Chairman  of  that  Committee  and  to  express 
my  thanks  to  the  engineers  representing  some  of  the  larger  com- 
panies in  their  distribution  systems,  who  have  even  during  the 
war  given  a  good  deal  of  their  time  to  the  studying  of  parts  of 
the  code  and  in  helping  to  maintain  good  cordial  relations  with 
the  personnel'  of  tlie  Bureau  of  Standards ;  I  am  glad  to  say  that 
I  believe  the  Bureau  of  Standards  has  every  confidence  in  your 
committee.    Thank  you. 

Mr.  Sproule:  Supplementing  what  Mr.  Eglin  has  said,  I 
might  add  that  the  present  code  is  out  of  print.  Before  printing 
additional  codes  there  are  certain  revisions  which  have  been 
suggested  to  which  your  Committee  has  taken  exception;  the 
main  question  being  that  of  loading.  They  have  increased  the 
loading  to  a  limited  extent  in  its  application  to  Class  B  and  Class 
C  lines.  I  would  be  glad  to  hear  from  any  one  in  the  room 
who  has  anything  to  put  before  the  Committee. 

Augustus  T.  Throop,  Utica,  N.  Y.:  May  I  ask  how  you 
can  modify  the  scope  of  a  committee  on  underground  construc- 
tion so  that  it  would  include  submarine  construction. 

Mr.  Sproule:  I  would  suggest  that  you  refer  that  ques- 
tion to  the  Secretary  of  the  Hydro-Electric  and  Technical  Sec- 
tion. Is  there  anything  further  in  reference  to  Section  2  of  the 
Safety  Code? 

C.  F.  Scott,  New  Haven:  The  thing  that  has  impressed 
me  in  the  several  discussions  this  afternoon  is  the  attitude,  re- 
ferred to  particularly  by  Mr.  Eglin,  with  which  the  Association 
is  going  at  its  work.  It  is  one  of  constructive,  cooperative  eflFort. 
I  remember  a  matter  of  inductive  interference  in  a  case  that 
came  up  a  number  of  years  ago,  in  which  a  telegraph  company 
suffered  severe  interference  at  times  from  a  power  company. 
The  power  company,  however,  refused  to  make  known  the  con- 
ditions of  its  circuits  on  those  particular  days  or  hours  when  the 
trouble  occurred.  That  left  the  matter  in  a  very  unsatisfactory 
condition,  as  the  telegraph  company  did  not  know  the  specific 
cause  of  the  disturbance.  Matters  in  which  the  different  inter- 
ests are  inter-related,  with  telegraph  and  telephone  companies 
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and  the  power  company  on  the  one  hand,  and  matters  of  safety 
in  which  the  power  companies  and  the  public  also  are  interested, 
are  primarily  engineering  problems.  They  are  not  legal  matters ; 
they  are  not  commercial  matters  primarily,  but  engineering ;  and 
they  ought  to  be  handled  from  the  engineering  point  of  view. 
The  matter  of  interference,  for  instance,  is  a  very  difficult  and 
intricate  one,  because  so  very  many  conditions  are  involved,  and 
they  are  not  the  same  in  different  cases.  Almost  every  case  has 
its  own  special  features  which  cannot  be  dealt  with  along  purely 
general  lines.  I  was  in  a  conference  a  number  of  years  ago  in 
which  some  problems  of  interference  were  taken  up,  and  at 
which  the  then  president  of  the  American  Telephone  and  Tele- 
graph Company  was  present.  He  said  that  difficulties  would 
first  be  put  up  to  the  engineers  of  his  company  and  he  hoped 
that  all  the  other  companies  involved  would  treat  them  as 
purely  engineering  problems.  His  engineers  were  not  to  be  re- 
stricted at  all  by  the  possible  legal  or  business  outcome.  He 
hoped  that  the  difficulties  could  be  solved  in  that  way,  but  if 
not,  then  recourse  could  be  had  to  other  means.  The  whole 
attitude  of  the  Association  this  afternoon  in  the  matter  of  inter- 
ference is  along  these  definite  constructive  lines  in  settling  things 
as  they  ought  to  be  without  undue  prejudice  and  stubbornness 
and  selfishness  on  the  part  of  one  company  or  another.  In  fact 
all  these  electric  concerns  are  public  service  companies  and  it  is 
their  business  to  adjust  themselves  so  that  they  may  together 
render  the  best  service. 

Mr.  Sproule:    K  there  is  no   further  discussion  on  this 
subject,  a  motion  to  adjourn  will  be  in  order. 
On  motion  the  meeting  adjourned. 
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THlIlD  TECHNICAL  SESSION 

Wednesday.  May  21,  1919 

R.  J.  McClelland,  Chairman. 

The  Chairman  called  the  meeting  to  order  at  2  p.m. 

The  Chairman:  This  is  the  Third  Technical  Session. 
There  are  two  parts  to  this  meeting  this  afternoon,  the  first  is  to 
consider  the  report  of  the  Committee  on  Electrical  Apparatus, 
and  the  second  is  to  consider  the  Report  of  the  Committee  on 
Meters.  We  will  take  up  the  Report  of  the  Committee  on  Elec- 
trical Apparatus,  of  which  Committee  Mr.  R.  F.  Schuchardt  is 
Chairman.  As  Mr.  Schuchardt  is  unable  to  be  here,  Mr.  A.  H. 
Lawton,  of  the  Committee,  has  kindly  consented  to  present  the 
report  and  act  as  chairman. 
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REPORT  OF  COMMITTEE  ON  ELECTRICAL 
APPARATUS 

INTRODUCTION  AND  OUTLINE 

The  purpose  of  the  Electrical  Apparatus  Committee  is  to 
study  the  performance  of  electrical  apparatus  used  in  connection 
with  a  central  station  system  and  to  cooperate  with  the  manu- 
facturers so  that  its  development  will  be  along  lines  which  will 
serve  the  industry  most  satisfactorily.  The  Committee  also  aims 
to  present  experience  results  to  the  members  showing  how  best 
to  protect  the  investment  made  in  the  electric  plant  and  how  to 
obtain  the  most  satisfactory  return  from  it. 

The  stimulus  given  to  apparatus  development  by  previous 
annual  reports  of  the  Apparatus  Committee  suggested  the  advisa- 
bility of  having  the  Committee  serve  the  membership  in  this  wise 
more  often  than  once  a  year.  It  is  therefore  recommended  that 
this  Committee,  through  its  sub-committees  (to  be  referred  to 
later)  serve  constantly  as  a  clearing  house  for  experience  data, 
at  least  with  reference  to  the  major  apparatus  used.  Member 
companies  are  urged,  when  corresponding  with  the  manufacturers 
regarding  the  faulty  (or  the  correct)  operation  of  any  apparatus, 
to  send  to  the  sub-committee  chairman  whose  field  includes  this 
particular  apparatus,  a  copy  of  such  portions  of  the  correspond- 
ence as  set  forth  a  clear  statement  of  the  experience.  The  manu- 
facturers in  turn  will  be  urged  to  place  on  record  their  explana- 
tions or  plans  for  improvement.  In  this  way  it  is  hoped  to  col- 
lect and  have  ready  for  reference  information  covering  experi- 
ence with  oil  switches,  generators,  fire-fighting  devices -and  other 
protective  equipment,  etc.,  etc.  The  sub-committee  chairman 
receiving  information  from  a  member  company  will,  in  acknowl- 
edging receipt,  inform  the  member  of  any  similar  experiences 
reported  by  other  companies,  and  he  will  also  state  the  method 
used  to  correct  or  improve,  if  such  information  be  available.  For 
some  particular  apparatus  which  is  undergoing  development,  as 
for  instance  large  capacity  oil  switches,  it  is  planned,  with  the 
aid  of  the  manufacturers'  engineers,  to  prepare  forms  to  be  filled 
in  by  member  companies  to  show  the  important  attendant  condi- 
tions and  the  nature  of  failures  (or,  in  some  cases,  of  successful 
performance).  How  this  clearing  house  scheme,  when  it  is  fully 
in  operation,  can  speed  up  the  desirable  development  of  appa- 
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ratus,  will  readily  be  appreciated.  Its  success,  however,  will  be 
in  direct  proportion  to  its  use  by  the  member  companies.  For 
the  present,  the  sub-committee  chairmen  will  be  those  given  in 
this  report.  The  appointees  for  the  succeeding  committee  and 
any  subsequent  changes  will  be  announced  in  the  monthly 
Bulletin. 

Due  to  the  lateness  of  the  appointment  and  subsequent  or- 
ganization of  the  Committee  this  year,  the  Sub-Committee  for 
the  Pacific  Coast  was  unable  to  contribute  to  the  work  as  com- 
pletely as  it  would  otherwise  have  done.  This  fact,  however, 
resulted  in  the  suggestion  from  the  far  western  members  that 
in  the  future  the  members  of  the  Engineering  Committee  of  the 
Pacific  Coast  Section  of  the  N.E.L.A.  be  made  the  appointees 
from  the  Coast  on  the  Electrical  Apparatus  Committee.  This 
suggestion  is  worthy  of  serious  consideration. 

For  the  purpose  of  covering  thejmportant  items  more  expe- 
ditiously and  more  completely,  the  field  of  the  Committee  was 
divided  into  six  main  subjects,  each  of  which  was  assigned  to  a 
separate  sub-committee.  These  subjects,  with  a  general  sum- 
mary of  the  sub-committees'  reports,  follow.  The  detailed  reports 
will  be  found  on  the  succeeding  pages. 

GENERATORS 

The  rapid  increase  in  the  use  of  very  large  generator  units 
brings  with  it  the  necessity  for  satisfactory  means  of  protecting 
them  from  the  effects  of  external  trouble  and  for  provisions  to 
minimize  the  effects  of  internal  trouble.  The  failure  of  such  a 
unit  means  not  only  large  expense  for  repairs,  but  even  the  tem- 
porary loss  of  its  use  results  in  higher  operating  costs,  because 
the  older  and  less  efficient  units  will  have  to  carry  the  load  other- 
wise carried  by  the  large  unit.  Because  of  this  fact,  increased 
attention  is  now  being  given  to  relay  protection  of  a  nature  to 
disconnect  promptly  a  imit  which  has  failed,  and  also  to  fire- 
extinguishing  equipment  which  will  minimize  the  damage  from  a 
generator  breakdown,  if  this  results  in  burning,  so  that  the  unit 
may  be  repaired  more  quickly  and  cheaply.  The  Sub-Commit- 
tee's report  sets  forth  the  experience  to  date  with  the  protective 
measures  here  mentioned.  Various  incidental  features  of  the 
problem  are  included. 
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SWITCHBOARDS 

(Particularly  oil  and  air  circuit  breakers) 

Active  steps  have  been  taken  during  the  last  few  years  to 
put  the  matter  of  capacity  rating  of  switches  on  a  more  logical 
and  uniform  basis.  Considerable  work  along  this  line  has  already 
been  done,  particularly  by  the  A.I.E.E.  and  by  the  Power  Club. 
There  still  remains,  however,  considerable  lack  of  uniformity  and 
even  of  clear  understanding  regarding  the  ratings,  especially  of 
the  large  fize  switches.  For  the  purpose  of  clearing  up  some 
of  the  apparent  inconsistencies  and  of  obtaining  more  definite 
data  regarding  switch  capabilities,  the  Sub-Committee  suggests 
to  the  manufacturers  a  definite  plan  of  research  and  sets  forth 
the  data  which  it  believes  should  be  obtained  in  Order  that  the 
users  of  these  switches  may  have  the  necessary  information 
regarding  them. 

The  Sub-Committee  also  calls  attention  to  the  point  already 
mentioned  in  previous  reports,  that  air  break  switches  should  be 
rated  very  liberally  with  regard  to  current-carrying  capacity,  be- 
cause of  their  rapid  deterioration,  resulting  from  high  temper- 
atures. 

A  new  development  in  an  automatically  operated  air  break 
on  oil  circuit  breakers  is  described,  and  a  further  development  in 
a  safer  design  of  current  transformer  is  mentioned. 

TRANSFORMERS 

A  continuation  of  the  very  important  work  of  standardizing 
transformers,  begun  in  1916  and  improved  during  the  following 
years,  has  been  the  main  work  of  the  Transformer  Sub-Commit- 
tee. The  booklet  accompanying  this  report  for  1919  brings  down 
to  date  and  sets  forth  in  convenient  and  lo^cal  form  the  results 
of  this  work.  Its  careful  study  on  the  part  of  the  engineers 
of  the  member  companies  will  be  found  profitable. 

SUBSTATIONS 

There  is  at  present  great  variation  in  the  practice  of  various 
companies  with  relation  to  substation  installations.  While  in 
most  cases  there  are  good  reasons  for  such  variations,  it  is 
thought  that  a  comparison  of  practice  could  be  made  with  profit. 
This  is  particularly  true  in  regard  to  those  simple  transformer 
installations  made  on  tl  e  premises  of  customers  using  a  large 
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amount  of  power.  For  the  purpose  of  obtaining  data  for  such  a 
comparison,  the  Sub-Committee  sent  a  questionnaire  to  a  large 
number  of  representative  companies,  and  the  information  received 
as  a  result  is  set  forth  in  the  attached  report.  Considerable  data 
are  given  with  regard  to  the  practices  of  various  companies, 
together  with  a  discussion  of  the  apparatus  used.  The  report 
covers  all  classes  of  substations,  both  indoor  and  outdoor,  for 
direct  current  supply  and  for  alternating  current  supply  for  light 
and  power  and  for  railway  use,  automatic,  semi-automatic  and 
manually  operated. 

POWER  FACTOR  CORRECTION  ' 

The  importance,  emphasized  particularly  during  the  war,  of 
utilizing  existing  investment  to  the  highest  degree  has  again 
brought  prominently  to  the  fore  the  increased  carrying  capacity 
of  lines  and  equipment  and  the  better  regulation  that  results 
from  improvement  in  the  power  factor  of  the  load  on  our  sys- 
tems. The  Sub-Committee  presents  a  valuable  summary  of  the 
situation  and  suggests  that  since  improvement  in  power  factor 
frequently  results  in  sufficient  advantage  to  justify  its  cost,  more 
serious  consideration  be  given  to  this  subject  than  it  has  received 
in  the  past.  A  general  discussion  of  apparatus  available  for 
power  factor  correction  is  included,  together  with  a  comprehen- 
sive bibliography  on  the  subject. 

APPARATUS  FOR  SPECIAL  INDUSTRIAL  FIELDS 

This  Sub-Committee  has  compiled  a  very  interesting  sum- 
mary of  apparatus  required  in  the  following  appHcations  of 
electricity:  welding,  both  resistance  and  arc  types;  furnaces  for 
all  purposes,  including  steel,  brass,  ferro-manganese,  etc.,  etc.; 
and  the  various  uses  in  mining  and  in  oil  fields. 

Some  of  the  difficulties  experienced  with  this  apparatus  and 
some  general  comments  to  aid  power  companies  in  handling  this 
class  of  business  more  satisfactorily  are  included.  The  report 
gives  a  fair  idea  of  the  possibilities  for  business  that  may  be 
found  in  these  fields. 

There  is  one  thought  which  the  general  situation  in  the 
industrial  field  suggests;  namely,  the  desirability  of  closer  con- 
tact between  the  engineers  of  various  industries  and  central  sta- 
tion engineers.     This  could  be  brought  about  in  a  measure  by 
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closer  cooperation  between  the  organized  engineering  societies. 
Such  cooperation  should  aim  to  prevent  development  along  diver- 
gent lines,  as  for  instance,  with  relation  to  frequency.  It  is 
generally  recognized  that  the  future  frequency,  at  least  for  all 
new  developments,  will  be  60  cycles,  while  the  steel  industry  in 
some  localities  is  still  apparently  developing  along  25-cycle  lines. 
All  development  should  be  guided  by  a  consideration  of  the  trend 
of  the  entire  industry  so  that  no  avoidable  investments  will  be 
made,  which  will  later  have  but  limited  value  because  they  do  not 
properly  fit  into  the  general  scheme  of  things.  The  handwriting 
on  the  wall  points  clearly  to  comprehensive  interconnection,  and 
engineers  should  keep  this  in  mind  in  all  of  their  plans. 
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REPORT  OP  SUB-COMMITTEE  ON  GENERATORS 

G)nsiderable  attention  has  lately  and  is  now  being  given  by 
member  companies  to  the  matter  of  fires  originating  within  the 
generator  shell  of  turbo-generators  of  the  enclosed  type  with 
the  object  of — 

(a)  Determining  means  of  minimizing  the  occurrence 
of  such  fires. 

(b)  Limiting  the  extent  of  the  damage  to  as  small  a 
section  of  the  generator  as  possible. 

(c)  Providing  fire-fighting  equipment  which  can  be  ap- 
plied quickly  where  it  will  be  most  effective. 

The  heavy  loads  carried  by  generators  during  the  past  two 
years  and  the  inability  to  take  the  units  off  pi  the  line  for  proper 
cleaning  and  inspection  at  the  accustomed  intervals,  brought 
about  by  the  heavy  demands  for  power  resulting  from  war  con- 
ditions, have  increased  the  number  of  generator  failures  and  fires 
and  thus  emphasized  their  seriousness,  not  only  in  cost  of  repairs 
but  even  more  in  the  enforced  idleness  of  the  entire  imit  during 
time  of  repairs.  The  desirability  and  necessity  for  more  careful 
study  of  this  entire  question  are  therefore  evident. 

In  response  to  a  questionnaire  sent  early  in  March  to  sixty- 
four  member  companies  operating  generators  of  comparatively 
large  size,  replies  were  received  from  thirty.  The  information 
received,  recording  experience  of  member  companies  along  the 
lines  indicated,  has  been  tabulated,  compared  and  carefully  stud- 
ied and  summed  up  as  follows : 

HISTORY  AND  EXPERIENCES  WITH  FIRES 

Number  of  Fires 

The  total  number  of  fires  referred  to  by  the  thirty  companies 
returning  questionnaire  was  eighty-one,  their  occurrence  being 
within  the  past  three  or  four  years.  Twenty-one  fires,  about 
equally  divided  between  25  and  60  cycle  units,  were  specifically 
described,  occurring  in  units  ranging  from  3300  to  35,000  kw. 
and  2300  to  13.200  volts. 
Origin  and  Cause 

The  origin  of  the  fires  reported  seems  to  be  fairly  evenly 
divided  between  those  external  to  the  insulation  surrounding 
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the  copper  conductors  and  those  internal  from  the  conductors 
themselves.  In  many  cases  all  evidence  on  this  point  is  destroyed 
by  the  fire  itself.  The  greater  proportion  of  fires  originating 
from  sources  external  to  the  insulation  seem  to  have  occurred  on 
3-phase  systems  operating  without  a  grounded  neutral. 

The  various  fires  have  been  attributed  to  many  causes — 
about  one-third  of  the  number  reported  appear  to  be  due  to  short 
circuits  between  conductors,  and  a  greater  number  to  grounds, 
while  the  remainder  are  divided  among  mechanical  causes,  eddy 
currents,  corona  and  moisture  from  faulty  operation  or  from 
freezing  of  air  washing  apparatus,  condensation,  etc. 

Nature  and  Extent  of  Damage 

Most  fires  have  been  reported  as  smoke  or  fiame  producing, 
the  smoke  from  by  far  the  greater  number  being  stated  as  heavy 
and  voluminous. 

In  most  fires  the  damage  has  been  localized  initially  in  indi- 
vidual coils  or  groups  of  coils,  but  twenty-two  of  the  thirty  com- 
panies reporting  have  had  cases  where  the  trouble  has  spread  so 
as  to  involve  the  entire  winding,  which  was  seriously  damaged. 
In  quite  a  number  of  instances  sections  of  armature  laminations 
have  been  burnt  sufficiently  to  necessitate  replacement. 

PI$B  PREVENTION 

Cleaning  and  Inspection — Air  Supply 

The  inspection  and  cleaning  of  turbo-generators  at  more  fre- 
quent intervals  would  seem  to  be  very  desirable  and  to  have  a 
direct  bearing  on  the  liability  to  fires  from  sources  external  to 
the  winding.  Every  precaution  should  be  taken  to  limit  the 
amount  of  dirt  and  oil  which  may  enter  the  generator,  and  many 
companies,  particularly  on  the  larger  units,  have  standardized 
the  installation  of  air  washers.  Even  with  the  best  possible  con- 
dition of  cooling  air,  however,  it  is  evident  that  dirt  will  lodge 
within  the  generator,  and  if  a  certain  amount  of  oil  vapor  is  also 
carried  into  the  machine,  the  coil  surfaces  and  other  parts  may 
become  coated  with  grease.  Good  practice,  therefore,  would  seem 
to  indicate  that  machines  should  be  opened  up  periodically  for 
thorough  cleaning  and  possibly  for  painting.  There  seems  to  be 
a  wide  difference  in  the  practice  of  member  companies  with 
regard  to  the  frequency  at  which  such  inspections  and  cleanings 
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are  made.    It  would  pay  to  give  attention  to  the  matter  of  clean- 
ing at  least  once  a  year. 

Additional  Insulation  on  Armature  Coils 

One  member  company  feels  that  additional  insulation  on  the 
armature  coils  of  generators  is  as  satisfactory  a  method  of  re- 
ducing the  fire  hazard  as  any  that  has  so  far  been  suggested.  It 
is  thought  that  this  has  a  distinct  advantage,  and  in  some  units 
it  can  be  obtained  for  such  a  small  increase  in  price  that  it  may 
be  the  cheapest  of  all  methods  of  reducing  fire  hazard.  On  two 
35,000  kw.  imits  for  initial  operation  at  6600  volts,  arranged  for 
future  operation  at  11,000  volts,  the  manufacturer  has  guaran- 
teed a  high  potential  test  on  individual  coils  of  40,000  volts  and 
on  the  complete  machine  of  34,000  volts. 

Grounded  Neutral 

The  grounding  of  the  neutral  of  3-phase  systems  solidly  or 
through  resistance  is  rapidly  becoming  standard  practice  on  both 
25  and  60  cycles  throughout  the  country.  Twenty-one  of  the 
thirty  companies  replying  favored  this  method  of  operation,  five 
preferred  operating  with  solid  ground,  and  sixteen  preferred 
operating  through  resistance;  three  companies  opposed  the 
grounding  of  the  neutral.  The  consensus  of  opinion  seems  to  be 
that  grounding  is  very  desirable  and,  in  addition  to  other  ad- 
vantages, has  a  considerable  effect  on  the  reduction  of  generator 
fires  occurring  external  to  the  insulation  of  the  copper  conductors. 

PROTECTIVE  EQUIPMENT 

Balanced  Relay  Protection 

It  is  also  rapidly  becoming  standard  practice,  particularly  on 
larger  units,  for  the  manufacturer  to  bring  out  both  ends  of  each 
phase  winding  to  the  generator  terminal  boards,  so  as  to  permit 
the  installation  of  current  transformers  between  the  terminals  of 
the  phase  windings  and  the  neutral  of  the  coils.  These  current 
transformers  can  be  connected  differentially  with  respect  to  in- 
strument current  transformers  in  the  leads  between  main  oil 
switch  and  generator,  so  that  in  the  event  of  a  fault  in  the  gener- 
ator or  its  leads  the  balanced  relay  will  immediately  open  the 
main  oil  switch,  the  neutral  switch  (if  closed),  and  after  a  slight 
delay  the  field  switch.    Twenty-four  of  the  thirty  companies  re- 
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porting  approve  the  installation  of  balanced  relay  protection  and 
have  adopted  it  as  standard  practice  on  all  new  generator  instal- 
lations and  on  older  generators  where  the  expense  involved  is  not 
too  great.  The  field  switch  is  usually  opened  by  means  of  an 
auxiliary  switch  on  the  main  oil  switch  or  by  an  auxiliary  relay, 
so  that  there  will  be  no  chance  of  the  field  being  opened  before 
the  anhature  has  been  disconnected  from  the  system. 

In  the  past  there  has  been  great  reluctance  to  install  any 
automatic  features  on  generator  equipment  because  of  the  fear 
of  their  erroneous  operation.  In  1912  a  member  company  in- 
stalled balanced  relay  protection  on  tie  line  cables  between  two 
nearby  generating  stations,  and  their  operation  was  so  successful 
as  to  lead  to  a  willingness  for  trial  installation  of  balanced  relays 
on  a  generator  being  installed  in  1914.  From  that  time  on  this 
equipment  has  proved  very  satisfactory  and  has  been  extended  to 
all  new  machines  on  that  system.  It  has  now  been  rapidly 
adopted  by  other  operating  companies.  The  best  evidence  of  the 
.  value  of  this  protection  is  furnished  in  the  reports  of  generator 
failures  on  which  this  protection  was  employed. 

On  a  25,000  kw.  unit  there  have  been  three  armature  coil 
failures  in  the  past  three  years,  on  all  of  which  occasions  the 
balanced  relay  operated,  and  on  two  occasions  the  damage  was 
confined  to  the  coil  where  the  breakdown  occurred.  A  slight 
amount  of  damage  occurred  to  the  laminations  in  one  of  these  in- 
stances, not  sufficiently  severe,  however,  to  necessitate  restacking. 
At  the  time  of  the  third  failure  mentioned,  the  field  switch  failed 
to  open,  owing  to  defective  operation,  and  the  iron  in  the  coils  of 
the  upper  half  and  the  insulation  on  the  end  connections  at  one 
end  of  the  lower  half  were  badly  damaged.  It  was  necessary  to 
restack  the  iron  and  to  rewind  the  upper  half  of  the  armature 
and  to  re-insulate  the  field  completely.  There  is  every  reason 
to  believe  that,  had  the  field  switch  opened  properly,  the  damage 
would  have  been  confined  to  the  coil  where  the  break-down  oc- 
curred, thus  very  greatly  reducing  the  cost  of  repairs. 

Another  member  company  installed  balanced  relay  protec- 
tion on  the  leads  of  four  15,000  kv-a.  generators  in  1913,  and 
after  some  cases  of  successful  operation  of  such  relays  on  gen- 
erator cable  trouble,  it  decided  in  1916  to  extend  the  protection 
to  the  generator  windings  as  well  on  all  new  units.    Several  in- 
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stances  of  successful  operation  during  trouble  on  both  generator 
windings  and  leads  have  occurred  since,  testif)ring  to  the  value 
and  reliability  of  this  protection. 

Reverse  Power  Protection 

Before  the  introduction  of  balanced  relay  protection  for 
generators,  many  companies  installed  reverse  power  relays,  ar- 
ranged, "however,  to  operate  signal  lamps  for  indication  to  oper- 
ator instead  of  tripping  main  oil  switch.  This  was  due  to  the 
fear  of  erroneous  relay  operation,  which  had  actually  occurred 
at  times  of  system  disturbances  when  generators  were  somewhat 
out  of  step.  The  reverse  power  relay  thus  does  not  limit  auto- 
matic disconnection  from  the  line  to  failure  of  the  generator  it- 
self. The  installation  of  reverse  power  relays  is  somewhat  com- 
plicated in  comparison  with  the  very  simple  connections  for  bal- 
anced relay  protection. 

FIRE  FIGHTING 
General 

The  modem.  t)rpe  of  turbo-generator  is  usually  completely 
enclosed  and  subject  to  enormous  blower  action  for  proper  venti- 
lation, so  that  fires  in  them  become  quite  serious  and  very  diffi- 
cult to  extinguish.  It  should  be  particularly  borne  in  mind,  how- 
ever, that  the  time  element  is  the  main  factor  in  putting  out  any 
fire,  and  it  is  especially  important  in  electrical  generator  fires  to 
apply  the  extinguishing  medium  as  promptly  as  possible  and  as 
close  to  the  seat  of  trouble  as  can  be  done  without  danger  of 
pentianent  injury. 

Extinguishing  Methods 

In  the  methods  thus  far  adopted  for  extinguishing  electrical 
fires,  water,  steam  and  carbon-tetra-chloride  have  been  used. 
Water  and  steam  are  looked  on  at  present  with  favor.  Large 
volumes  of  carbon-tetra-chloride  would  be  required  for  any  but 
very  small  fires,  thus  involving  great  expense,  with  the  added 
possibility  of  detrimental  effect  on  the  insulating  materials  and 
injury  to  operators  from  contact  with  the  fumes.  Moreover,  it 
is  quite  difficult  to  apply  this  substance  to  the  flame  itself,  and  its 
use  is  therefore  relatively  ineffective. 

Up  to  the  time  of  the  installation  of  permanent  fire  extin- 
guishing apparatus  for  generators,  water,  because  of  its  greater 
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availability  over  steam,  has  been  the  principal  medium  for' ex- 
tinguishing, where  Pyrene  was  ineffective.  Experience  has 
demonstrated,  however,  that  it  is  extremely  difficult  to  put  out  a 
fire  in  the  generator  before  extensive  damage  has  occurred  with- 
out applying  water  directly  at  the  seat  of  the  trouble.  In  many 
cases  reported  it  has  been  necessary  to  remove  the  end  bells  and 
direct  the  water  stream  on  the  windings. 

With  the  advent,  however,  of  permanently  installed  fire  ex- 
tinguishing provisions  in  generators,  the  use  of  steam  has  re- 
ceived very  serious  consideration,  and  there  is  at  the  present  time" 
a  wide  diflference  in  opinion  as  to  the  relative  merits  of  water 
and  steam  for  this  purpose.  Of  the  thirty  companies  reporting, 
the  use  of  water  is  definitely  favored  by  nine  and  opposed  by 
eight,  and  the  use  of  steam  favored  by  seven  and  opposed  by 
twelve.  Eighteen  generators  of  four  companies  are  now  pro- 
vided with  permanent  steam  equipment,  as  against  nine  units  of 
three  companies  with  water  equipment. 

The  principle  of  operating  in  usin|^  steam  differs  from  that 
in  using  water  primarily  in  that  displacement  of  air  in  the  gene- 
rator by  steam  is  very  largely  depended  upon  to  smother  the  fire. 
It  is  extremely  important,  however,  in  using  steam  to  shut  off  the 
supply  of  air  to  the  generator  as  completely  and  promptly  as  pos- 
sible, and  some  means  of  facilitating  this  operation  should  be  pro- 
vided. It  would  seem  that  the  air  damper  could  be  placed  more 
effectively  in  the  outlet  rather  than  the  inlet  wherever  the  design 
permitted.  The  wetting  of  the  generator  windings  from  con- 
densed steam  may  also  be  helpful.  In  using  water,  the  idea  is  to 
wet  the  windings  as  far  as  possible,  this  being  aided  by  the 
natural  ventilation  of  the  machine. 

The  possibilities  of  liquid  carbon-dioxide  or  other  non- 
combustible  gases  or  liquids  have  also  been  discussed,  but  no 
advocates  of  these  materials  have  been  found. 

Character  of  Apparatus 

For  the  ready  application  of  water  to  the  generator  wind- 
ings, the  usual  practice  is  to  provide  pipe  rings,  which  are  fast- 
ened at  each  end  of  the  generator  inside  of  the  end  bells. 
Perforations  are  located  in  these  pipes  so  as  to  throw  a  fine  spray 
of  water  over  the  entire  winding  and  over  the  air  gap  between 
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the  armature  and  field.  The  pipe  rings  are-  then  connected  to- 
gether into  a  reliable  source  of  water  supply  under  the  desired 
pressure.  Fig.  1  shows  the  general  arrangement  of  this  type  of 
installation.  The  natural  ventilation  of  the  machine  helps  to 
spread  the  water  over  the  entire  winding. 

For  the  ready  application  of  steam  to  the  generator  wind- 
ings two  methods  have  been  used — 

1.  Steam  pipe  arranged  inside  the  end  bells,  perforated  so 
that  numerous  jets  will  impinge  directly  on  the  end  portion  of 
the  windings  and  into  the  air  gap  in  practically  the  same  way 
water  is  used. 

2.  Location  of  perforated  steam  pipe  in  the  air  inlet  of  the 
generator. 

In  both  of  these  cases  the  steam  supply  is  obtained  from  the 
branch  system  mains  supplying  the  auxiliaries  of  the  unit  pro- 
tected. The  second  plan  has  been  adopted  by  some  companies 
because  of  a  fear  that  the^  steam  may  have  a  deteriorating  eflfect 
on  the  insulation  when  it  impinges  directly  on  the  end  turns  as 
in  the  first  plan.  Fig.  2  illustrates  this  type  of  installation.  In 
applying  steam  it  is  the  rule  of  one  company  that  the  valve  be 
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opened  for  two-minute  intervals,  additional  applications  being 
given  only  if  the  fire  continues. 

Safety  Precautions 

It  is,  of  course,  very  necessary  that  the  possibility  of  the 
application  of  either  water  or  steam  to  the  generator  winding. 
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either  accidentally,  through  leakage  or  malicious  intent,  be  very 
carefully  guarded  against.  Various  means  have  been  devised  to 
accomplish  this  purpose.  The  Duquesne  Light  Company,  in  con- 
nection with  its  provision  for  application  of  steam  to  the  air  inlet 
under  the  generator,  has  arranged  the  supply  pipe  to  the  generator 
with  two  valves  in  series  joined  by  a  short  nipple,  the  valve 
nearer  the  machine  being  enclosed  in  a  cast-iron  box  with  glass 
front,  which  must  be  broken  in  case  of  a  fire  before  valve  can  be 
operated.  A  small  hole  is  drilled  in  the  pipe  nipple  connecting  the 
two  valves,  which  will  positively  indicate  any  leakage  taking 
place  through  the  first  valve.  Fig.  3  is  a  photograph  of  one  of 
this  Company's  installations. 

The  Philadelphia  Electric  Company,  which  has  provided  for 
the  use  of  water,  has  arranged  that  the  water  supply  line  is  not 
permanently  connected  to  the  generator  piping.  The  free  ends 
of  both  pipes  are  provided  with  Jones  or  quickly  attachable 
couplings,  and  a  short  piece  of  standard  fire  hose  equipped  with 


Fig.  4 


Digitized  by 


Google 


299 

corresponding  couplings  is  available  for  making  this  connection 
on  the  occurrence  of  a  fire.  Fig.  4  is  a  photograph  of  an  instal* 
lation  of  this  type. 

Evidence  of  Fire  and  Application  of  Extinguisher 

With  generators  discharging  air  at  the  top  into  the  turbine 
room,  indication  of  fires  within  is  promptly  given  to  attendants 
by  sparks,  smoke  or  fiame  emerging  from  the  unit.  The  ten- 
dency lately,  however,  in  generator  design,  particularly  in  the 
larger  units,  has  been  towards  bottom  discharge  into  ducts  lead- 
ing to  the  boiler  room  to  eliminate  noise  and  to  take  advantage 
of  the  heat  in  the  air.  This  design  brings  up  a  serious  problem 
with  regard  to  visibility  of  distress.  Manufacturers  and  oper- 
ators would  do  well  to  give  serious  attention  to  this  matter. 

Some  few  fires  have  occurred  from  mechanical  causes 
alone,  such  as  fan  rubbing  against  end  bells,  producing  red-hot 
surfaces.  These  have  led  to  an  installation  of  glass  windows  in 
generator  end  bells  by  at  least  one  member  company  for  indi- 
cation of  such  trouble.  The  advisability  of  using  similar  win- 
dows at  the  side  of  the  base  is  worthy  of  consideration. 

Before  proceeding  to  fight  any  generator  fire,  it  is,  of  course, 
absolutely  essential  that  the  tmit  be  disconnected  from  the  line 
and  the  field  opened.  With  the  balanced  relay  protection,  this  is 
done  automatically  when  fires  involve  a  break-down  from  the 
copper  conductors  on  a  grounded  system.  On  other  occasions 
the  disconnection  of  the  generator  must  be  performed  by  hand 
as  soon  as  it  is  evident  that  the  unit  is  in  trouble.  The  decision 
to  apply  an  extinguishing  medium  and  the  time  of  doing  so  must 
now  be  left  to  the  attendants.  It  is  desirable  to  have  a  pilot  light 
on  the  turbine  gauge  board  connected  across  a  generator  poten- 
tial transformer  to  indicate  when  the  unit  is  generating,  and  also 
perhaps  a  red  lamp  on  the  gauge  board  to  light  upon  the  opera- 
tion of  the  balanced  relay.  These  indications  would  be  of  value 
in  determining  the  time  when  an  extinguishing  medium  could  or 
should  be  applied.  It  is  very  essential,  however,  that  some  visible 
indication  be  given  of  actual  distress  before  applying  the  ex- 
tinguishing medium. 

Effects  on  Windings  of  Extinguishing  Substances 

It  will  be  necessary  after  application  of  water  to  the  gener- 
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ator  windings  to  dry  them  out  before  placing  in  operation  again. 
Experiences  have  demonstrated  that  electrical  generators  may  be 
sprayed  with  water  for  some  time  with  no  serious  damage  re- 
sulting, if  they  are  thoroughly  dried  out  before  being  again  placed 
in  commission. 

Some  companies  opposed  to  the  use  of  steam  have  expressed 
fear  regarding  the  possibility  of  detrimental  effects  of  high  tem- 
perature on  the  insulation,  particularly  where  steam  is  applied  for 
a  long  period  of  time  or  where  it  impinges  directly  on  the  wind- 
ings. The  destruction  of  the  japanning  on  the  core  laminations 
by  the  high  temperature  is  also  feared.  The  Duquesne  Light 
Company,  however,  has  had  several  fires  since  installing  per- 
forated steam  pipes  in  the  air  inlet  of  its  machines  and  reports 
satisfactory  results.  Nearly  all  of  these  fires  were  started  ex- 
ternal to  the  winding  and  were  extinguished  with  one  two-minute 
application  of  steam.  On  all  but  two  occasions  the  generator 
was  restored  to  service  without  being  dried  out,  having  been  out 
of  service  only  from  three  to  four  hours,  and  in  one  other  in- 
stance the  drying  out  was  done  simply  by  rotating  the  machine 
for  about  seven  hours  without  short  circuiting  the  windings  or 
exciting  the  field.  One  fire,  starting  from  a  ground,  developed 
into  a  short  circuit,  but  on  only  a  few  coils  was  the  insulation 
burned  sufficiently  to  necessitate  replacing  them.  This  machine 
was  entirely  rewound,  however,  as  it  had  been  through  a  previous 
fire  and  was  not  in  the  best  of  shape.  It  appears,  however,  that 
the  equipment  installed  by  this  Company  has  not,  as  yet,  had  an 
opportunity  to  demonstrate  satisfactorily  its  ability  to  handle 
severe  fires,  and  until  more  experience  data  with  such  fires  are 
available  no  definite  conclusions  should  be  drawn. 

In  one  instance,  it  was  reported  by  a  western  company  that 
steam  used  for  fighting  a  fire  destroyed  the  japanning  of  the 
laminations  and  therefore  made  necessary  the  entire  dismantling 
of  the  generator  armature.  Yet  the  same  company  has  shown  its 
faith  in  steam  for  this  purpose  by  installing  this  means  of  fire 
fighting  on  five  of  its  largest  units. 

The  Public  Service  Company  of  New  Jersey  recently  ap- 
plied steam  unsuccessfully  to  a  very  severe  fire.  No  companies 
using  a  water  system  have,  as  yet,  had  occasion  to  try  it,  so  that 
all  arguments  in  favor  thereof  are  merely  opinions  or  deductions. 
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CONCLUSIONS 

According  to  the  information  received,  several  serious  gen- 
erator fires  have  occurred  in  turbine  driven  units  of  varitms  sizes, 
voltages,  speeds,  frequencies,  and  manufacture.  These  fires  have 
originated  within  the  generator  shell  from  a  variety  of  causes 
and  have  been  in  many  instances  very  difficult  to  extinguish  be- 
fore extensive  damage  has  been  done. 

In  order  to  lessen  the  probability  of  the  occurrence  of  such 
fires,  it  is  suggested  that  constant  consideration  be  given  to  the 
cleanliness  of  generators. 

In  order  to  minimize  the  extent  of  damage  from  fires,  it  has 
been  found  advisable  in  many  cases  to  install  balanced  relay  pro- 
tection on  turbo-geneVators,  to  automatically  disconnect  the  unit 
from  the  line  and  open  the  field.  This  practice  seems  sound  and 
manufacturers  are  urged  to  standardize  upon  the  bringing  out  of 
both  ends  of  all  phase  windings  to  generator  terminal  boards  on 
all  units  of  5000  kw.  and  larger,  and  also  on  smaller  sizes  where 
no  appreciable  increase  in  the  selling  price  of  the  unit  will  result 

The  practice  of  installing  some  form  of  permanent  fire  ex- 
tinguishing equipment  is  gaining  considerable  headway  and  is 
being  adopted  by  many  companies.  The  substance  to  be  used 
should  be  water  or  steam,  the  weight  of  opinion  and  practice,  to 
date,  being  in  favor  of  water,  although  actual  experience  with 
specially  provided  equipment  has  been  obtained  thus  far  only 
with  the  use  of  steam,  and  that  by  the  Duquesne  Light  Company 
to  its  entire  satisfaction. 

Operators  who  have  installed  or  who  shortly  will  install  any 
regular  means  of  extinguishing  fires  are  urged  to  keep  a  careful 
record  of  all  circumstances  of  their  experience  for  the  benefit  of 
the  industry. 

Subcommittee 

H  C  Albrecht,  Chairman, 
L  L  Elden^ 

H  L  FULLERTON, 

A  A  Meyer, 

N  Stahl, 

W  K  Vanderpoel. 


Digitized  by 


Google 


REPORT  OF  THE  SUB-COMMITTEE  ON  SWITCH 

BOARDS 

This  Sub-Committee  has  devoted  most  of  its  attention  to  the 
subject  of  the  interrupting  capacity  ratings  of  oil  circuit  breakers, 
with  the  thought  that  through  cooperation  with  the  manufac- 
turers, the  A.I.E.E.  Standards  Committee,  and  the  Power  Club, 
a  clearer  understanding  of  the  entire  subject  may  be  reached, 
some  of  the  inconsistencies  of  present  ratings  eliminated  and 
applications  of  circuit  breakers  made  more  suitable  to  the  con- 
ditions under  which  they  may  be  required  to  operate. 

Interrupting  Capacity  Ratings  of  Oil  Circuit  Breakers 

The  A.I.E.E.  tentative  definition  of  'Interrupting  Capacity" 
reads  as  follows:  See  1918  Standardization  Rules,  Article  No. 
753. 

"By  interrupting  (breaking  or  rupturing)  capacity  is  meant 
the  highest  r.m.s.  current  at  normal  voltage  which  the  device  can 
interrupt  under  prescribed  conditions,  at  stated  intervals,  a  speci- 
fied number  of  times."* 

Your  Committee  has  considered  the  several  factors  entering 
into  the  foregoing  definition,  from  the  standpoint  of  operating 
companies  such  as  comprise  our  membership. 

The  Committee  believes  that  the  "prescribed  conditions" 
should  be  such  as  would  give  the  most  severe  requirement  on  the 
circuit  breaker  under  actual  operating  practice,  which  is  usually 
that  produced  by  a  short  circuit  near  or  in  a  generating  station ; 
also,  that  they  should  be  such  as  could  be  reproduced  in  tests. 
It  is  therefore  recommended  that  the  "prescribed  conditions"  be 
those  which  can  be  produced  in  test,  with  as  little  resistance  as 
possible  in  circuit  with  the  generators,  and  with  no  other  load 
apparatus  on  parallel  lines  feeding  the  short  circuit  through  the 
breaker.    There  might  be  some  exceptional  circumstances  under 


•See  joint  paper  "Rating  &  Selection  of  Oil  Circuit  Breakers"  by  Hewlett,  Ma- 
honey  &  Burnham  in  the  A.I.E.E.  Proceedings,  of  February  1918,  discussing  the 
interpretation  of  this  rule. 
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which  the  conditions  prescribed  above  would  not  be  representa- 
tive of  actual  conditions,  but  it  is  thought  that  they  would  satisfy 
the  requirements  of  the  majority  of  operating  companies  and 
that  the  exceptions  could  be  given  special  consideration. 

As  it  is  generally  believed  that  the  power  factor  of  the  cir- 
cuit which  a  breaker  has  to  interrupt  under  short  circuit  condi- 
tions has  a  considerable  influence  upon  its  interrupting  capacity, 
it  is  recommended  that  the  manufacturers  work  toward  the  ob- 
taining of  data  which  will  enable  them  to  show  for  any  type  of 
breaker  the  effect  of  power  factor  on  its  rating. 

The  manufacturers  are  basing  their  ratings  at  present  on  no 
definite  prescribed  conditions,  but  on  an  assumed  duty  that  the 
circuit  breaker  will  interrupt  its  rated,  r.m.s.  current  twice  at  a 
two-minute  interval,  and  then  be  in  condition  to  be  closed  and 
carry  its  rated  current  until  it  is  practical  to  inspect  it  and  make 
necessary  adjustments. 

Any  such  assumed  duty  should  be  consistent  with  usual 
operating  practice,  and  it  is  our  opinion  that  the  requirements  of 
operating  practice  would  not  permit  a  time  interval  as  long  as 
two  minutes  to  elapse  before  a  circuit  breaker  were  reclosed. 
The  time  interval  would  probably  range  from  something  con- 
siderably less  than  two  minutes,  under  ordinary  operating  condi- 
tions, down  to  a  few  seconds,  when  automatic  circuit  breaker 
reclosing  devices  are  used,  toward  the  adoption  of  which  there 
is  a  growing  tendency. 

It  is  also  questionable  whether  twice  opening  and  then  be- 
ing capable  of  reclosing  for  non-automatic  operation  is  consist- 
ent with  usual  operating  practice.  Some  operating  companies 
require  the  closing  of  breakers  more  than  twice  on  distribution 
feeders  and  the  holding  off  of  large  generating  station  breakers 
after  once  opening  until  they  can  be  inspected  before  reclosing. 
Much  depends  upon  provisions  for  spare  breakers  and  feeder 
equipment,  and  upon  the  importance  of  the  load  served  by  the 
particular  breaker,  whether  it  is  controlling  a  feeder  cable  or  a 
transmission  line. 

The  Committee  suggests  that  the  manufacturers  work  to- 
ward establishing  curves  for  each  type  and  size  of  circuit 
breaker,  showing  the  interrupting  capacity  for  various  numbers  of 
interruptions  and  for  various  time  intervals,  from  that  incident  to 


Digitized  by 


Google 


304 

the  use  of  an  automatic  reclosing  device  up  to  a  two-minute  inter- 
val. With  such  curves  there  might  readily  be  selected  a  breaker 
which  would  be  most  suitable  for  the  conditions  under  con- 
sideration. 

However,  inasmuch  as  the  manufacturing  companies  at  the 
present  time  have  not  the  necessary  information  to  make  the 
above  curves,  and  as  they  are  still  working  toward  obtaining 
ratings  on  their  breakers  on  the  basis  of  two  interruptions  at  a 
two-minute  interval,  it  is  recommended  that  this  asstuned  duty 
be  followed  for  the  time  being,  pending  the  above  information, 
although,  as  stated  before,  this  rating  is  not  representative  of 
operating  practice. 

In  order  to  aid  the  manufacturers  in  the  preparation  of  the 
above  curves,  it  is  proposed  that  the  Committee  gather  data  on 
the  practice  of  operating  companies  as  to  the  number  of  times 
breakers  are  reclosed  after  a  short  circuit  and  the  time  intervals 
which  are  permitted  to  elapse  before  the  reclosing. 

There  is  at  the  present  time  no  clearly  defined  factor  of 
safety  incorporated  by  the  manufacturers  in  their  interrupting 
capacity  ratings.  It  is  our  opinion  that,  in  view  of  the  many  un- 
certainties attendant  upon  the  actual  duty  imposed  on  a  breaker, 
tests  should  be  made  to  the  ultimate  interrupting  capacity  and  a 
factor  of  safety  then  applied  in  the  assigning  of  the  rating.  This 
factor  of  safety  should  be  of  such  a  value  as  to  give  a  reasonable 
degree  of  protection,  as  evidenced  by  the  results  of  tests  which 
the  manufacturers  are  contemplating,  from  those  tests  already 
carried  out,  and  from  the  results  of  actual  experience  in 
operation. 

In  view  of  the  difficulties  confronting  the  manufacturers  in 
obtaining  a  sufficient  concentration  of  power  for  the  testing  of 
the  larger  breakers,  and  in  view  of  the  value  which  could  be 
derived  from  evidence  as  to  the  successful  or  non-successful 
functioning  of  breakers  under  actual  short  circuits,  it  is  recom- 
mended that  operating  companies  make  reports  of  such  occur- 
rences of  importance  to  the  manufacturer  of  the  breaker,  giving 
him  such  data  as  will  enable  him  to  determine  what  service  the 
breaker  performed.  Such  a  report  would  preferably  be  made  on 
a  standard  form  which  the  Committee,  in  conjunction  with  the 
manufacturing  companies,  contemplates  devising,  and  a  copy  sent 
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to  the  then  Chairman  of  the  Sub-Committee  on  Switchboards, 
who  c6uld,  from  a  collection  of  such  data,  advise  the  member 
reporting  if  similar  troubles  or  successful  results  had  been  ex- 
perienced with  other  breakers  of  the  same  type.  It  is  hoped  that 
in  this  way  more  light  may  be  thrown  upon  the  adequacy  of 
breakers  of  specified  ratings  to  function  properly  under  condi- 
tions realized  in  practice. 

Air  Break  Switches 

E3q)erience  is  showing  that  the  contact  surfaces  of  air  break 
switches  which  are  left  closed  for  long  periods  oxidize  more 
rapidly  than  if  operated  occasionally,  which  oxidizing  causes  the 
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switch  to  reach  a  higher  temperature.  When  this  temperature 
reaches  a  certain  point,  the  rise  becomes  cumulative,  sometimes 
resulting  in  burning  up  the  switch.  Experience  indicates  further 
that  if  switches  are  loaded  to  their  rating,  excessive  temperatures 
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are  frequently  observed  within  an  unreasonably  short  time  after 
installation,  and  this  has  led  a  number  of  operating  companies 
to  select  switches  with  much  larger  ratings  than  the  loads  which 
they  expect  to  carry. 

This  is  an  undesirable  situation  and  it  is  recommended  that 
inasmuch  as  the  present  temperature  rise  is  30  deg.  above  air 
at  40  deg.,  the  A.I.E.E.  Standardization  Committee  give  con- 
sideration to  reducing  the  permissible  rise  so  as  to  provide  a 
greater  factor  of  safety  in  the  rating  than  there  is  at  present. 
One  large  manufacturer  gives  ratings  at  20  deg.  rise  as  well  as  at 
30  deg.,  and  another  rates  at  30  deg.  and  uses  a  conversion  factor 
for  determining  the  capacity  at  other  temperature  rises.  A  table 
of  such  factors  was  published  in  the  Electrical  World  of  Janu- 
ary 11,  1908,  and  is  reproduced  in  Fig.  5. 

Automatic  Air  Disconnective  Switch 

One  member  company  has  developed  an  automatic  air  dis- 
connective switch  for  use  with  oil  circuit  breakers.  This  switch 
opens  slightly  after  the  contacts  in  oil  have  opened,  and  on  clos- 
ing makes  contact  slightly  in  advance  of  the  contacts  in  oil.  The 
development  was  prompted  by  a  desire  to  obviate  the  accidents 
such  as  have  occurred  all  over  the  country  with  the  manually 
operated  air  disconnective  switches.  Fig.  6  shows  photographs 
of  such  a  switch. 

Current  Transformers 

Current  transformers  have  definite  limitations  as  to  what 
they  will  stand  thermally  and  mechanically  under  short  circuit 
conditions,  and,  in  view  of  the  many  failures  which  have  oc- 
curred, it  is  recommended  that  member  companies  investigate 
their  ii^stallations  in  order  to  make  sure  that  the  current  trans- 
formers installed  are  adequate  in  the  above  respect. 

One  member  company  reports  the  installation  of  400- 
ampere  single  turn  current  transformers,  having  a  satisfactory 
accuracy  down  to  about  100  amperes.  These  have  an  actual 
current  carrying  capacity  of  2000  amperes.  This  is  considerably 
better  than  has  previously  been  obtained  with  any  type  of  single 
turn  current  transformer.     Such  single  turn  transformers  can 
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readily  be  made  with  a  comparatively  high  factor  of  safety,  both 
as  to  heat  capacity  and  mechanical  strength. 

Sub-Committee 

A  H  Lawton,  Chairman. 
L  L  Elden, 

H  L  FULLERTON, 

A  S  MacDowell, 
A  A  Meyer, 
J  F   Neild, 

F  E  RiCKETTS, 

N  Stahl, 

R  F  SCHUCHARDT, 

R  H  Tapscott. 
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REPORT  OF  SUB-COMMITTEE  ON  TRANSFORMERS 

The  results  of  this  Sub-Committee's  work  are  given  in  the 
Transformer  Standards  booklet  accompanying  this  report.  The 
modifications  made  in  the  previous  booklet  as  a  result  of  this 
year's  work  may  be  briefly  summarized  as  follows : 

The  Standards  on  Sizes,  Voltage  Ratings  and  Taps  have 
been  revised,  brought  up-to-date  and  extended  to  cover  three- 
phase  transformers.  The  work  of  the  Transformer  Sub-Com- 
mittee of  the  Electrical  Apparatus  Committee  has  been  carried 
on  in  close  cooperation  with  a  similar. committee  of  The  Electric 
Power  Club,  representing  the  manufacturers.  This  has  resulted 
in  coordinating  the  efforts  of  both  operating  companies  and 
manufacturers  toward  perfecting  standards  acceptable  to  all  the 
interests  involved. 

The  Transformer  Standards  have  been  extended  to  cover 
three-phase  distribution  transformers  in  sizes  of  200  kv-a.  and 
below,  and  three-phase  power  transformers  in  sizes  above  200 
kv-a.  as  shown  in  Tables  III  and  IV  in  the  booklet.  The  single- 
phase  sizes  have  been  extended  to  include  the  6667,  8333  and 
10,000  kv-a.;  the  three-phase  sizes  previously  standardized,  ex- 
tended to  include  20,000,  25,000  and  30,000  kv-a.  capacities. 

Outdoor  construction  has  been  standardized  for  all  single- 
phase,  oil-immersed,  self-cooled  distribution  and  power  trans- 
formers listed  in  the  standards,  and  for  all  single-phase  distribu- 
tion and  power  transformers  where  the  high  voltage  rating  is 
identical  or  higher  than  the  standard  low  voltage  rating  listed  in 
the  Transformer  Standards. 

Outdoor  construction  will  also  be  standardized  for  all  self- 
cooled,  three-phase  distribution  and  power  transformers  for  light- 
ing and  power  service  the  ratings  of  which  are  equivalent  to  the 
single-phase  ratings  mentioned  above. 

The  Committee  considered  the  advisability  of  establishing 
standard  transformer  voltage  ratings  for  operating  on  voltages 
above  the  33,000-volt  class,  which  is  the  highest  rating  listed  in 
the  standards,  and  the  following  voltages  were  suggested :  44,000, 
66,000,  88,000,  110,000,  132,000,  154,000  and  220,000.  Discus- 
sion is  invited  on  these  proposed  standards  and  the  Committee 
will  be  guided  by  opinions  expressed  on  standardizing  ratings. 
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The  Standard  Lead  Markings  for  Transformers  have  been 
improved  by  supplementing  the  typical  diagrams  by  an  indication 
of  polarity  and  by  indicating  the  relative  position  of  taps. 

In  the  1918  report  the  Committee  recommended  that  the 
Subtractive  Polarity  be  made  standard  for  all  constant  potential 
transformers,  and  the  little  comment  that  was  received  during  the 
past  year  has  been  largely  in  favor  of  this  step.  This  year's 
Committee  sent  out  to  a  large  number  of  operating  engineers  a 
request  for  a  definite  statement  on  this  question  and  replies  show 
an  almost  unanimous  opinion  in  favor  of  the  change.  The  Com- 
mittee, therefore,  definitely  recommends,  subject  to  the  approval 
of  the  Association,  that  as  soon  as  practicable  the  manufacturers 
make  all  transformers  of  Subtractive  Polarity,  and  indicate  this 
fact  very  prominently  on  the  case.  The  discussion  and  reasons 
for  this  recommendation  are  clearly  set  forth  on  the  last  page 
of  the  Transformer  booklet. 

Sub-Committee 

G   L  Knight,   Chairman. 
H  C  Albrecht, 
H  W  Eales, 
L  L  Elden, 
A  H  Lawton, 

S   J   LiSBERGER, 

H  H  RuDD, 
N  Stahl, 
M  O  Troy, 
H  L  Wallau. 
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REPORT  OF  SUB-COMMITTEE  ON  SUBSTATIONS 

In  order  to  secure  necessary  data  with  a  view  toward  sum- 
marizing the  practices  of  various  companies,  both  in  design  and 
operation  of  consiuners'  and  system  indoor  and  outdoor  substa- 
tions, a  questionnaire  was  sent  to  a  number  of  representative 
member  companies  operating  different  kinds  of  systems. 
INDUSTRIAL  CONSUMERS'  SUBSTATIONS 

All  companies  follow  the  practice  of  requiring  consumer  to 

secure  the  company's  approval  to  their  substation  layouts.  As 
to  the  equipment  used  and  type  of  substation  employed,  practices 
vary  considerably.  In  a  few  of  the  larger  cities  more  or  less 
complete  indoor-type  substations  are  used,  housed  in  simple  fire- 
proof structure  either  in  the  way  of  addition  to  the  consumer's 
existing  building  or  in  the  way  of  a  separate  switchboard  and 
transformer  vault.     (See  Figs.  7,  8,  9  and  10  for  typical  instal- 
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lations.)  Such  a  substation  is  invariably  protected  with  a  main 
line  oil  circuit  breaker  of  a  capacity  subject  to  the  company's 
approval. 
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In  the  large  cities,  while  all  industrial  substations  are  similar 
in  general  characteristics,  no  two  are  exactly  alike,  each  job  ap- 
parently receiving  special  consideration.  However,  in  most 
transmission  and  distribution  systems  covering  an  extensive  area, 
a  greater  degree  of  standardization  exists.  In  such  cases  each 
company  usually  has  a  master  drawing  showing  standard  layout 
of  various  size  substations,  giving  in  tabulated  form  dimension 
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data  for  substations  of  various  capacities  to  which  it  applies. 
While  each  system  seems  to  follow  its  own  ideas  on  the  details, 
in  the  main  the  tendency  is  toward  as  simple  and  inexpensive 
an  arrangement  as  possible,  and  invariably  toward  the  use  of  out- 
door type  equipment  throughout.  Some  companies  prefer  to  rec- 
onmiend  the  outdoor  type  substation  wherever  practicable. 

These  conditions  are  probably  due  to  the  extent  of  the  terri- 
tory covered  by  the  different  companies.  In  the  larger  cities  it 
is  comparatively  easy  to  give  close  supervision  to  each  job.  In 
the  scattered  territories,  however,  this  close  supervision  is  not 
possible,  hence  it  is  more  or  less  necessary  that  a  standard  design 
for  a  given  capacity  be  followed  by  the  construction  force. 

On  outdoor  installations  some  companies  use  self-contained 
outdoor  metering  outfits  and  report  no  particular  difficulty  witlt 
them.  One  company  reports  so  much  difficulty  due  to  outdoor 
metering  outfit  becoming  damaged  by  lightning  that  it  has  aban- 
doned the  practice  of  using  these  equipments  and  instead  now 
meters  energy  on  low  tension  side  of  transformers  on  consumers' 


Fig.  11 — Outdoor  Primary  Installation — 4600  Volts 
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premises.  Some  companies  construct  small  meter  and  switch 
house  to  contain  primary  metering  equipment;  others  mount 
current  ^nd  potential  transformers  outdoors  with  meter  indoors. 
While  a  few  companies  use  small  wooden  sheds  to  house  the 
meter  equipments,  the  general  tendency  is  to  use  small,  simple 
houses  of  either  brick  or  metal,  avoiding  the  use  of  wood  on 
account  of  its  greater  likelihood  to  take  fire  from  external  causes. 
(See  Figs.  11,  12,  13,  14  and  15  for  typical  installations.) 

A  majority  of  companies  use  single-phase  transformers  for 
industrial  consumers'  substations,  probably  for  the  familiar  rea- 


FiG.  12 — Oil  Switches  Shown  Are  Customer's  Outgoing  Ckts. — Total 
Capacity  11000  Kw.,  4600  Volts 
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Fig.  13—1333  Kv-a,  33000/2300  Volts— 60  Cycles,  Outdoor  Sxjbstation 

AT  Coal  Mine 

5on  that  in  the  event  of  failure  of  one  unit  the  remaining  two 
may  be  operated  in  open-delta.  As  testimony  to  the  reliability 
of  the  modern  transformer,  however,  and  also  as  indicative  of 
the  probable  lower  cost,  greater  simplicity  and  smaller  space  re- 
quirements of  such  substations,  particularly  in  voltages  of  13,200 
and  below,  there  is  a  noticeable  tendency  toward  the  use  of 
three-phase  units.  In  some  cases  the  installation  consists  of  two 
three-phase  combination  oil  and  water-cooled  units,  so  propor-- 
tioned  that  both  units  operating  without  water  will  readily  carry 
the  load;  each  unit,  however,  having  a  capacity  when  operating 
with  water  50  per  cent  in  excess  of  its  rating  without  water. 
(See  Figs.  16  to  20a  inclusive,  for  typical  installations.)  Fig.  16 
,  shows  1000/1500  kv-a.,  13,200-volt,  three-phase,  60-cycle  sub- 
station using  combination  oil  and  water-cooled  transformers. 
Fig.  17  shows  one  company's  standard  arrangement  for  33,000- 
volt  substations  900  kv-a.  and  above.  Fig.  18  shows  dimensions 
of  1333  kv.-a.,  33,000/2300-volt.  three-phase,  60-cycle  outdoor 
sub-station  with  one  spare  transformer  unit,  outdoor  lightning  ar- 
rester, but  with  indoor  oil  circuit  breaker  and  metering  equipment 
for  supplying  power  to  large  coal  mine. 
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Fig.  15 — 33,000- Volt,  3- Wire,  3- Phase  Metering  Outfit  Containing 

Type  P   Demand   Indicator    (Printometer)    Equipment.    Type   D-6 

Polyphase  Watthour  Meter  and  Type  C-4  Curve  Drawing  Power 

Factor  Indicator 

The  time  allotted  for  the  preparation  of  this  report  has 
been  too  short  to  permit  of  assembling  cost  data  on  these  sub- 
stations. From  discussion  with  various  member  companies  it  is 
believed  that  such  a  study  will  prove  quite  profitable.  The  costs 
discussed  show  a  wide  discrepancy  in  different  localities  on  jobs 
of  the  same  general  type.  A  complete  study  of  specifications  for 
substations  with  costs  will  no  doubt  aid  materially  in  pointing 
out  the  most  economical  construction  arrangement  consistent  with 
reliable  service. 
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With  respect  to  overload  protection,  practice  varies  widely. 
Many  companies  protect  the  entire  substation  with  oil  circuit 
breaker  and  some  with  fuses,  with  no  selective  overload  protec-^ 
tion  for  individual  units,  while  others,  in  addition,  use  fuses  with 
individual  transformers.  One  company  uses  an  automatic  high 
voltage  air  circuit  breaker  with  overload  trip  coils  on  each  pole 
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of  the  switch  to  protect  entire  substation.  This  company  reports 
a  large  number  of  such- automatic  switches  in  operation  on  cir- 
cuits of  44,000  volts  and  lower,  and  a  few  on  110,000-volt  cir- 
cuits; and  states  that  the  switch  is  here  to  stay  and  will  make 
itself  felt  in  the  design  of  this  class  of  substation.     (See  Fig.  21 


Fig.  17— Outdoor  Substation 

900-3000  Kv-A  33000/2300  Volts  3  Phasb  60  Cycles  Wfth  Oil  Circuit 

Breaker  and  Electrolytic  Arrester 

for  appearance  of  a  100-ampere,  45,000-volt,  triple-pole,  single- 
throw  switch  with  series  overload  trip  on  each  pole.)  One 
company  uses  no  overload  protection  of  any  description  on  the 
high  voltage  side  of  11,000-volt,  22,000-volt,  or  higher  voltage 
substations,  treating  the  transformer  as  part  of  the  line.  The 
overload  protection  is  provided  usually  in  the  form  of  an  auto- 
matic oil  circuit  breaker  on  the  low  tension  side  of  equipment. 

POWER  COMPANIES'  SYSTEM  SUBSTATIONS 
Direct  Current: 

While  seven  direct  current  railway  substations,  1000  kw.  and 
above,  and  over  thirty,  between  300  kw.  and  600  kw.  capacity, 
have  been  in  automatic  operation  for  some  time  (not  including 
one  3000-kv-a.  synchronous  condenser  and  one  1500-kw.  hydro- 
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Fig.  20— Outdoor  Substation 
600.  Kv-A    44000/2200  Volt    3-Phase    60  Cycles 


Fig.  20A— Outdoor  Substation 
4000  Kv-A  33000/2300  Volts  3-Phase  60  Cycles 
Two  Incoming  Lines  and  Transformer  Banks 
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electric  generating  plant  which  operate  entirely  automatically) 
(see  Transactions  A.I.E.E.  1918,  pp.  497-507),  only  one  lighting 
company  reports  substations  operating  semi-automatically  on 
115/230  volt  direct  current  network.  This  company  has  had 
five  SOO;-kw.  rotary  converter  substations  successfully  operating 
semi-automatically  for  some  time.  Each  substation  is  located  on 
the  fringe  of  the  115/230  volt  direct  current  system  and  is  started 
and  stopped  remote  controlled  from  other  substation  as  the  load 
demands,  the  voltage  being  controlled  by  induction  regulators  in- 
stalled at  the  main  substation. 

It  is  interesting  to  note,  however,  that  in  answer  to  the  ques- 
tion: "If  you  have  no  automatic  alternating  current  or  direct 
current  substations  in  operation,  do  you  consider  the  idea  prac- 
ticable as  applied  to  moderate  capacity  substations  ?" — almost 
without  exception  all  answers  were  in  the  affirmative. 

From  conference  with  manufacturers,  we  are  justified  in  ven- 
turing the  opinion  that  provided  any  company  desires  to  operate 
automatically  a  substation  supplying  a  115/230  volt  direct  current 
network,  the  equipment  can  be  procured.  Study  of  each  case  will 
show  whether  the  expense  of  adding  the  necessary  control  equip- 
ment is  justified.  (See  attached  photo  Fig.  22  for  motor-operated 


drum  controller  which  governs  the  starting  operations  of  auto- 
matic station,  and  Fig.  23  for  appearance  of  switchboard  con- 
trolling automatic  600-volt  railway  substation  with  two  300-kw. 
rotary  converters.)  A  bibliography  of  the  automatic  railway 
substations  is  included  at  end  of  report. 

Considerable  discussion  has  arisen,  particularly  during  the 
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past  two  years  when  all  equipment  and  lines  were  loaded  as  no 
one  thought  possible  previously,  regarding  the  per  cent  reserve 
capacity  in  converting  equipment  which  should  be  carried  by  dif- 
ferent systems  (1)  with  respect  to  individual  substation  peak; 
and  (2)  with  respect  to  season  peak.  Replies  to  this  question 
indicate  that  most  companies  aim  to  keep  a  reserve  in  each  sub- 
station equivalent  to  the  capacity  of  the  largest  unit.    The  actual 
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reserve  capacity  on  systems  covered  by  the  questionnaire  showed 
the  percentage  to  run  from  15  to  33  1/3,  not  including  storage 
batteries. 

With  respect  to  setting  an  upper  limit  on  the  capacity  of 
rotary  converters,  one  company  believes  that  under  present  con- 
ditions it  is  probable  that  sizes  larger  than  those  now  in  use  with 
4000-kw.  rating  (but  with  continuous  carrying  capacity  of  5200 
kw.)  would  not  be  needed.  One  company  fixes  a  limit  of  3500 
kw.  (35  d^.  cent,  continuous  rating)  in  rotary  converter  capac- 
ity, basing  this  on  the  limiting  capacity  of  one  radial  feeder. 
Other  companies,  most  of  which  use  smaller  size  units  than 
above,  have  fixed  no  upper  limit. 

With  respect  to  the  choice  of  frequency,  it  is  significant  that 
wherever  possible  the  preference  for  extensions  is  to  use  60-cyclc 
machines,  and  it  is  only  by  companies  where  the  present  25-cycle 
load  and  the  generators  and  transmission  systems  interconnected 
with  them  show  a  preponderance  of  equipment  of  that  frequency 
that  additional  25-cycle  equipment  is  still  preferred.  No  objec- 
tion is  raised  to  the  use  of  60-cycle  synchronous  converters  as 


Fig.  24— 500-R.P.M.,  1200-Kw.,  600- Volt  Synchronous  Converter 
Showing  Flash  Barriers  Protection 
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such,  though  rq)orts  indicate  that  these  machines,  particularly 
when  supplying  600-volt  railway  load,  are  much  more  sensitive 
as  to  flashing  than  25-cycle  units,  but  the  damage  due  to  flashing 
is  less.  The  conditions  of  service,  no  doubt,  have  much  to  do 
with  this  trouble.  It  is  expected  that  flashguards,  high  speed 
circuit  breakers  and  improvements  in  design  will  make  the  60- 
cyde  synchronous  converter  operate  on  a  par  with  the  25-cyde 
machine  in  all  capadties.  (See  Fig.  24  for  appearance  of  60- 
cyde  synchronous  converter  equipped  with  flashguards.) 

There  seems  to  be  no  definite  preference  as  to  t3rpe  of  trans- 
formers used  with  rotary  converters,  air  blast,  oil  cooled  and 
water  cooled  units  being  used,  sometimes  all  three  types  by  the 
same  company,  depending  upon  conditions  of  installation.  While 
one  company  builds  a  dam  around  oil  cooled  transformers  suffi- 
dent  to  trap  all  the  oil  of  the  unit,  there  are  no  reports  of  a  fire 
started  by  such  unit  Sand  and  Pyrene  are  provided  to  fight 
possible  fires  in  transformer  units,  and  in  case  of  air  blast  units 
one  company  provides  dampers  with  sprinkler  system  type  of  fire 
fuses,  permitting  dampers  to  shut  in  case  of  fire.  The  damper 
also  is  arranged  when  dosing  to  shut  down  the  blower  motor 
and  ring  an  alarm  bell  or  light  signal-light  in  switchboard  opera-  j 
tor's  room.  One  large  company  uses  three-phase  water  cooled  ; 
transformers  so  designed  that,  with  water  turned  oft,  unit  wiH 
operate  at  half  capadty.  /^ 

Remote  controlled  electrically  operated  direct  current  drcuit 
breakers  are  very  generally  used  on  large  rotary  converters.  In  • 
a  few  cases  remote  controlled  electrically  operated  alternating  cur- 
rent starting  switches  are  used.  (See  Fig.  25  for  8000-ampere, 
motor-operated,  double-throw,  remote  controlled  starting  switch 
used  with  2000-kw.  rotary  converter.)  No  reports  were  received, 
however,  indicating  that  any  company  had  any  substation  or  sec- 
tion of  substation  provided  with  remote  controlled  electrically 
operated  direct  current  feeder  switches. 

With  regard  to  ventilation  of  large  rotary  •converters,  most 
companies  depend  upon  good  ventilation  of  substation  room  only. 
One  company  operating  a  number  of  large  rotary  converters  in 
basement  substations  depends  upon  combined  pressure  and  ex- 
haust air  system  for  ventilation,  and  has  considered  partial  hous- 
ing of  the  machine  for  artifidal  ventilation.    One  company  re- 
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ports  a  simple  and  comparatively  inexpensive  scheme  of  blowing 
cool  air  up  through  a  2000-kw.  booster  type  rotary  converter. 
With  this  machine  an  air-blast  transformer  is  used.  Leads  between 
transformer  and  rotary  converter  are  in  conduit,  transformer 
being  about  10  feet  from  rotary  converter.  A  few  spare  ducts 
were  added  to  the  conduit,  which  terminates  in  a  header  under 
transformer.     The  air  discharge   from  blower  divides  in  this 
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header,  part  going  up  through  the  transformer  and  part  through 
the  conduit.  At  the  machine  k  baffle  is  used,  so  that  part  of  the 
air  follows  the  cables,  ventilating  them  and  blowing  up  through 
the  booster  of  rotary  converter,  the  remainder  of  air  passing  up 
around  rotary  converter  armature.  Blowers  giving  approxi- 
mately lyi'Oz.  pressure,  as  now  provided  with  air-blast  trans- 
formers for  rotary  converter  equipment,  should  have  ample  ca- 
pacity for  both  purposes  if  this  scheme  is  used. 

Where  converting  equipment  is  operated  from  a  large  inter- 
connected alternating  current  transmission  system,  some  com- 
panies using  relatively  small  size  converting  equipment  prefer 
motor-generator  sets  to  rotary  converters.  Companies  using 
large  converting  equipment,  2000  kw.  and  above,  prefer  rotary 
converters  on  account  of  higher  efficiency,  though  they  recom- 
mend a  few  motor-generator  sets  with  synchronous  motors,  par- 
ticularly where  power  factor  correction  of  the  system  is  desired. 

A  new  departure  in  rotary  converter  design  has  been  re- 
ported which  may  be  of  interest.  The  equipment  consists  of  a 
three-unit  set  of  two  ordinary  1330-kw.  synchronous  converters 
operating  at  900  rev.  per  min.,  including  a  revolving  field  booster 
of  sufficient  capacity  for  both  machines.  The  three  units  will  be 
direct  connected,  comprising  a  four-bearing  set,  all  mounted  on  a 
common  base,  the  booster  being  located  between  the  two  middle 
bearings.  The  couplings  and  booster  rotor  are  of  such  design  as 
to  permit  disconnection  of  one  converter  armature,  leaving  the 
other  one  free  to  operate  with  the  booster  should  accident  to 
first  one  make  this  necessary.  The  booster  also  may  be  discon- 
nected, leaving  both  converters  free  to  operate  without  means 
of  voltage  regulation.  The  booster  is  provided  with  two  separate 
armature  windings  and  the  transformer  is  also  arranged  with 
two  distinct  secondary  windings,  so  that  the  three-unit  equipment 
may  be  operated  without  any  electrical  connection  between  the 
two  units  on  the  alternating  current  end.  Their  performance, 
therefore,  will  be  that  of  two  separate  units  operating  at  900  rev. 
per  min..  Starting  the  entire  unit  will  be  accomplished  by  closing 
transformer  secondary  switches  on  50  per  cent  taps  and  then 
closing  high  tension  oil  circuit-breaker.  As  the  set  reaches  syn- 
chronism the  field  of  either  machine  can  be  closed  and  the  trans- 
former secondary  switch  then  thrown  to  full  voltage  position; 
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similar  process  then  being  carried  out  with  second  unit  This  se- 
quence of  switching  would  keep  inrush  of  current  at  a  minimum. 
This  t3rpe  of  unit  has  the  advantage  of  being  much  lighter  to 
handle  than  the  ordinary  two-unit  set,  the  heaviest  part  being 
approximately  40  per  cent  lighter  in  weight.  The  two  converters 
can  also  be  operated  in  series  for  railway  service.  When  used 
for  250-volt  service,  an  increase  in  efficiency  can  be  obtained  at 
half  load  by  raising  the  brushes  of  one  unit  and  operating  the 
other  at  full  load. 

Automatic  or  Semi- Automatic  Alternating  Current  Substations 

Some  semi-automatic  alternating  current  straight  outdoor 
type  distribution  substations,  and  also  part  outdoor  and  part  in- 
door substations,  of  small  capacity,  are  in  successful  operation. 
These  substations  consist  of  step-down  transformers  with  out- 
door induction  feeder  regulators  on  2300-volt  distribution  cir- 
cuits. If  a  fuse  blows  or  oil  circuit  breaker  opens  in  these  cir- 
cuits, they  are  hand  reset. 

Two  companies  report  that  they  are  experimenting  with 
automatic  reclosing  oil  circuit  breaker  arrangements  on  feeder 
circuits.  A  third  company  has  a  small  capacity  transformer  in- 
door type  distributing  substation  with  induction  feeder  regu- 
lators and  automatic  reclosing  oil  circuit  breakers.  These  circuit 
breakers  are  provided  with  special  control  relay  equipments  de- 
signed to  reclose  a  circuit  breaker  immediately  after  it  opens  on 
overload.  Should  the  circuit  breaker  reopen,  it  will  again  be  re- 
closed  for  a  total  of  three  operations,  all  of  which  take  place 
within  a  few  seconds.  After  three  such  operations  the  main  con- 
trol relay  opens  the  circuit  of  closing  coil  of  circuit  breaker,  and 
thereafter  it  is  necessary  to  close  it  by  hand.  Through  the  suc- 
cessful operation  of  this  equipment,  the  length  of  interruption 
to  consumers  is  reduced.  There  have  been  no  complaints  from 
consumers  on  account  of  rapidity  with  which  the  circuit  is  re- 
dosed.  (See  photos  Figs.  26  and  27  for  appearance  of  type  of 
relays  to  accomplish  above  purpose.) 

Figs.  28  and  29  are  of  great  interest  since  they  are  copies 
of  oscillographic  records  of  actual  tests  conducted  to  determine 
how  rapidly  oil  circuit  breakers  can  be  closed  by  service-restor- 
ing relay  methods.  Fig.  28  shows  that,  for  the  particular  combi- 
nation involved  in  the  test,  service  was  restored  on  the  feeder  in 
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Fig.  26— Typb  CV  Voltage  Relay  Adjusted  for  Use  as  a  Limiting  Relay 


Fig.  27— Hesitating  Control  Relay  for  Automatic  Reclosing  of  Oil 

Circuit  Breakers 
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Fig.  28— Oscillograph  Records  Showing  Operation  of  Service-Rkstowng 
Relay  System  on  a  Transient  Short  Circuit 


Fig.  29— OsaLLOGRAPH  Records  Showing  Operation  op  Service-Restoring 

Relay  System  on  a  Permanent  Short-Circuit 
Breaker  Is  Shown  Closed  Twice— Further  Operation  Not  Recorded 

72-100  of  a  second  Fig.  29  shows  the  nature  of  the  operations 
to  be  expected  in  the  case  of  a  permanent  short  circuit  on  the 
feeder  until  the  limiting  relay  causes  the  service  restoring  acces- 
sories to  cease  functioning.  During  these  particular  tests  it  was 
reported  that  if  the  circuit  could  be  reclosed  in  less  than  one 
second,  service  would  be  restored  in  time  to  prevent  induction 
motors  driving  most  kinds  of  load  from  stalling. 

Apparatus  used  in  automatic  substations  should  be  more 
liberally  rated  than  is  customary  in  other  types,  and  it  should  all 
be  of  rugged  construction. 

One  difficulty  in  the  past  has  been  the  necessity  for  the  in- 
stallation of  a  storage  battery  with  necessary  attention  to  charg- 
ing, etc,,  for  the  operation  of  direct  current  solenoids,  or  motors. 
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on  oil  circuit  breakers.  The  development  of  straight  alternating 
current  operated  oil  circuit  breakers  will,  however,  remove  this 
objection.     (See  photo  Fig.  30  for  appearance  of  an  alternating 


Fig.  30 — A.  C  Motor-Operated  Mechanism  for  Oil  Circuit  Breakers 

current  motor-operated  mechanism  for  oil  circuit  breakers.  It 
is  hoped  that  a  simpler  device  may  soon  be  forthcoming.) 

It  seems  safe  to  say  that  the  wider  adoption  of  alternating 
current  automatic  substations  will  tend  toward  the  use  of  a  larger 
number  of  smaller  capacity  substations  than  has  been  customary 
heretofore.  The  Committee  suggests  that  all  member  companies 
give  consideration  to  this  subject,  if  only  to  the  extent  of  trying 
out  the  method  in  substations  operated  by  attendants. 

In  substation  practice  a  recent  tendency  of  some  large  com- 
panies is  observed  in  some  cases  to  use  oil  circuit  breakers  and 
cells  so  arranged  that  the  entire  switch  and  cell  or  one  pole  and 
cell  may  be  removed  from  the  structure  and  another  imit  substi- 
tuted/ 

Outdoor  Substations 

The  familiar  practice  of  high  tension  transmission  systems 
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in  using  outdoor  type  transformer  and  switching  substations 
seems  to  have  extended  to  lower  voltage  systems.  Many  central 
station  companies  have  installed  outdoor  suburban  substations. 
Where  there  are  no  series  mercury  arc  rectifier  equipments  and 
few  regulators,  no  building  is  necessary.  If  automatic  redosing 
oil  or  air  circuit  breakers  come  into  wider  use,  it  is  safe  to  say 
that  the  adoption  of  outdoor  substations  will  be  further  extended. 
(See  Figs.  31  and  32.) 


Fig.  31— Outdoor  Substation 
12500  Kv-A    66000/22000  Volts    60  Cycle 

With  one  exception,  companies  operating  large  numbers  of 
outdoor  substations  report  no  serious  difficulties  with  the  opera- 
tion of  the  equipment. 

Indoor  Substations 

With  regard  to  distribution  busses  in  alternating  current 
substations,  it  still  seems  to  be  the  general  practice  to  operate  all 
banks  of  transformers  and  distribution  feeders  on  one  bus  with 
a  reserve  bus  provided.  The  capacities  so  connected  run  from 
small  amotmts  up  to  10,000  kv-a.  and  in  some  individual, cases 
considerably  higher.  As  larger  capacities  are  approached,  the 
rupturing  capacities  of  the  feeder  oil  switches  may  be  overtaxed. 
To  avoid  incurring  the  considerable  expense  of  changing  all  sub- 
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Fic.  32— Outdoor  Subukban  Substation 
1300  Kv-A     {ISS^JgJJ^oOo}    Volt  3-Phase  60  Cvoxs 

Station  switches,  as  well  as  possible  switch  destruction,  it  seems 
desirable  to  consider  sectionalizing  the  bus  or  operating  with 
reactors  between  the  sections,  as  has  been  done  in  some  cases  with 
generator  busses.  The  reactance  of  new  transformers  installed 
in  substations  should  be  carefully  considered  in  this  connection. 

Induction  Regulators 

A  growing  preference  is  apparent  for  induction  regulators 
with  most  of  the  accessories  mounted  on  the  regulator  itself.  In 
this  connection,  and  especially  during  the  period  of  scarcity  of 
material  and  high  prices  of  platinum,  attention  is  called  to  a  dis- 
cussion by  W.  D.  Coolidge  in  the  1912  A.I.E.E.  Proceedings,  page 
1219,  on  the  possibilities  of  the  use  of  metallic  tungsten  for  con- 
tacts of  auxiliary  devices  such  as  contact-making  voltmeters. 
This  discussion  includes  practical  considerations  necessary  to 
render  tungsten  usable  for  this  purpose.  Due  to  the  fact  that  the 
induction  feeder  regulator  gets  the  brunt  of  the  shock  of  a  short- 
circuit  on  the  feeder,  some  companies  recommend  the  installation 
of  by-pass  electrolytic  arrester  connected  in  shunt  with  the  rega- 
lator  as  a  protective  means.  Caution  is  urged  to  give  regulators 
freq^uent  inspection  to  see  that  the  oil  is  maintained  at  proper 
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Fig.  33 — Feeder  Regulators  in  Fire  Proof  Cells 

level  in  order  to  avoid  serious  consequences  which  may  result  if 
this  is  not  done.  Fig.  33  shows  an  arrangement  of  feeder  regu-^ 
lators  in  individual  fireproof  cells.  Due  consideration  must  be 
given  to  ventilation  where  this  method  of  installation  is  followed. 

Transformers — Indoor  and  Outdoor 

The  replies  on  use  of  three-phase  or  single-phase  trans- 
former units  for  indoor  substations  indicate  that  the  trend  of 
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practice,  with  moderate  voltages,  is  for  the  larger  central  station 
cpnipanies  to  install  three-phase  units  where  more  than  one  bank 
of  transformers  is  generally  used.  There  is  no  uniformity  of  prac- 
tice with  respect  to  method  of  cooling — i.e.,  all  types,  air  blast, 
water  cooled,  self  cooled,  and  combination  self  cooled  and  water 
cooled^  are  used.  On  high  voltage  transmission  systems, 
and  particularly  with  outdoor  types,  the  practice  favors  single- 
phase,  self-cooled  units.  A  recent  improvement  with  regard  to 
water  cooled  units  is  in  having  the  w^ter  pipes  brought  out  of 
the  case  at  a  point  well  below  the  level  of  the  oil.  This  prevents 
sweating  of  water  pipes  in  transformer.  Brass  or  copper  coils 
will  generally  be  found  preferable  to  iron  coils,  and  in  cases  of 
impure  water,  brass  or  copper. coils  become  a  necessity. 
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REPORT  OP  SUB-COMMITTEE  ON  POWER  PACTOR 
CORRECTION 

Effect  of  Power  Factor 

For  any  given  alternating  current  system,  the  capacity  re- 
quired in  generators,  lines,  transformers,  etc.,  varies  inversely 
with  the  power  factor,  and  the  copper  losses  in  .transmission  and 
distribution  vary  inversely  as  the  square  of  the  power  factor. 

With  lagging  power  factor,  generator  excitation  increases 
rapidly,  and  with  decreasing  power  factors  a  point  is  soon  reached 
where  further  excitation  cannot  be  supplied  without  exceeding 
the  safe  temperature  limit  of  the  field  winding. 

Regulation  also  is  affected  by  power  factor  and  depends  upon 
the  constants  of  the  line. 

Generally  speaking,  the  use  of  motors  too  large  for  the  load 
is  the  most  frequent  cause  of  low  power  factor.  Another  cause 
sometimes  encountered  is  the  use  of  motors  designed  for  a  volt- 
age lower  than  the  supply  voltage. 

Power  Factor  Survey 

The  benefits^  frequently  to  be  obtained  by  operating  com- 
panies from  even  a  slight  gain  in  j)ower  factor  are  very  desirable, 
and  it  may  be  advisable  for  many  member  companies  to  under- 
take a  power  factor  survey  of  their  system  to  determine  its  value 
at  the  generating  plant,  at  the  various  substations,  at  the  more 
heavily  loaded  industrial  circuits  and  finally  at  the  larger  con- 
sumers' installations,  with  a  view  toward  ascertaining  whether 
certain  remedial  steps  should  not  be  considered. 

Power  Factor  Correction 

Often  considerable  improvement  in  power  factor  may  be 
obtained  by  rearrangement  of  the  existing  motors  and  drives,  so 
that  the  motors  are  loaded  more  nearly  to  capacity.  Even  in 
heavy  press  work,  where  pull  out  torque  is  a  governing  factor, 
improvement  may  sometimes  be  obtained  by  this  method. 

Correction  Apparatus 

Where  additional  apparatus  is  needed  to  bring  the  power 
factor  up  to  a  satisfactory  value,  the  following  may  be  employed: 
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Synchronous  Motors 

Slow  speed  motors  of  this  type  are  suited  for  direct  connec- 
tion to  compressors,  refrigerating  machines,  and  loads  of  similar 
characteristics,  and  have  marked  advantages  in  weight  and  effi- 
ciency over  corresponding  induction  motors. 

High  speed  synchronous  motors  are  suited  for  direct  current 
generator  drive  and  for  general  industrial  drives  where  the  load 
is  reasonably  uniform  and  the  starting  and  stopping  requirements 
not  severe. 

In  addition  to  doing  useful  mechanical  work,  these  motors 
can  be  used  to  neutralize  in  part  the  reactive  component  required 
by  inductive  loads.  Commercial  motors  of  this  type  built  for 
speeds  under  about  300  rev.  per  min.  are  usually  designed  for 
operating  at  unity  power  factor,  while  the  high  speed  motor 
lends  itself  more  readily  to  an  economical  design  with  capacity 
for  operating  at  a  leading  power  factor,  usually  down  to  80  per 
cent  at  full  load  and  more  at  lesser  loads. 

Synchronous  Condensers 

These  machines  fall  in  the  same  class  as  synchronous  motors 
but  are  not  designed  for  mechanical  work.  Their  losses  are  from 
5  to  7  per  cent  of  their  rating  and  they  operate  at  a  leading 
power  factor,  neutralizing  the  reactive  component  of  the  inductive 
load  to  practically  the  full  extent  of  thteir  rating. 

They  may  also  be  used  to  maintain  constant  voltage  at  the 
end  of  a  transmission  line,  being  controlled  by  an  automatic  r^;u- 
lator,  or  they  may  be  arranged  to  maintain  constant  the  power 
factor  of  a  given  installation  in  order  to  meet  some  contract  re- 
quirement. 

Automatic  starting  and  stopping  control  devices  may  now 
be  obtained  in  addition  to  the  regulator  mentioned  above. 
Static  Condensers 

This  type  of  apparatus  has  no  moving  elements  and  lends 
itself  to  smaller  installations  in  which  the  load  and  power  factor 
are  reasonably  constant  and  at  which  attendants  are  not  provided. 
The  device  is  highly  efficient,  the  losses  being  approximately  1  or 
2j4  per  cent. 

The  manufacturers  have  recently  announced  a  price  revision 
which  will  make  the  first  cost  of  this  type  less  for  small  capacities 
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at  low  voltages  than  the  corresponding  cost  of  synchronous  con- 
densers, while  for  the  higher  voltages  the  cost  will  be  less  than 
synchronous  condensers  up  to  some  point  beyond  300  kv-a. 

About  3500  kv-a.  of  such  apparatus  is  in  use,  ranging  in  size 
from  50  to  350  kv-a.  units.  Reports  from  operating  companies 
on  whose  circuits  static  condensers  are  used  are  very  satisfac- 
tory. 

Location  of  Corrective  Apparatus 

Primarily,  it  should  be  located  as  near  as  possible  to  the 
origin  of  low  power  factor,  but  in  certain  cases  an  analysis  may 
show  the  wisdom  of  installing  corrective  apparatus  in  the  com- 
pany's substations. 

Apparatus  located  on  the  premises  of  a  consumer  corrects 
from  the  point  of  installation  back  to  and  including  the  gener- 
ators. When  located  in  the  company's  substation,  however,  it  has 
no  corrective  effect  on  the  distribution  lines  or  constmier's  trans- 
formers. 

References 

A  very  interesting  paper  on  the  effects  of  power  factor  on 
investment  and  operating  costs  by  C.  I.  Crippen,  Manager  Power 
Sales  Division  of  the  Mahoning  and  Chenango  Railway  and 
Light  Company,  may  be  found  in  the  March,  1919,  Bulletin  of 
the  Ohio  Electric  Light  Association. 

A  bibliography  on  the  subject  will  be  found  in  the  appendix. 
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APPENDIX  TO  REPORT  ON  POWER  FACTOR 
CORRECTION 

There  are  submitted  herewith  some  details  which  illustrate 
certain  phases  of  the  subject  not  covered  by  the  broad  outline 
given  in  the  main  report. 

Effect  of  Unity  Power  Factor  Load 

The  effect  of  a  large  quantity  of  imity  power  factor  load  in 
maintaining  the  power  factor  of  a  central  station's  total  load  at 
a  reasonable  value  is  shown  in  Fig.  34,  which  analyzes  the  com- 
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Fig.  34 

ponent  parts  of  such  load  both  as  to  magnitude  and  power  fac- 
tor. This  diagram  shows  the  reactive  component  reduced  by 
2250  kv-a.  of  synchronous  condenser  capacity. 

Relation  of  Reactive  and  Power  Component  in  a 
Synchronous  Motor 

The  problem  of  prescribing  the  size  of  synchronous  motor 
to  do  mechanical  work  and  at  the  same  time  raise  some  industrial 
load  from  one  power  factor  to  another  is  often  encountered.  In 
Fig.  35  is  shown  the  relation  obtaining  between  reactive  and 
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energy  components  for  synchronous  motors  designed  for  80  per 
cent  leading  power  factor  operation,  when  excited  for  full  load 
output  at  that  power  factor.  This  curve  is  typical  and,  while  in- 
dividual motors  will  depart  somewhat  from  this,  the  variation 
will  not  be  great.  Its  use  can  be  best  explained  by  an  example : 
Assume  an  existing  load  of,  say,  230  kw.,  the  power  factor 
of  which  is  75  per  cent.  The  reactive  component,  which  it  is 
wanted  to  neutralize,  then  is  202  kv-a.  Assume  further  that  an 
additional  load  of  150  h.p.  is  to  be  taken  on  and  that  a  synchron- 
ous motor  for  this  load  is  desired  to  bring  the  total  load  power 
factor  up  to  unity.  A  reactive  component  of  202  kv-a.  leading 
is  required  in  the  motor.  A  150  h.p.  motor  with  an  efficiency  of 
89  per  cent  has  an  input  with  80  per  cent  leading  power  factor 
of  158  kv-a.  and  a  reactive  component  (the  corrective  item)  of 
60  per  cent  as  shown  on  the  curve,  or  95  kv-a.  This  will  improve 
the  power  factor  only  in  part  and  a  larger  motor  is  found  to  be 
required.  If  a  300  h.p  motor  with  an  efficiency  of  92  per  cent 
at  half  load  be  installed  and  the  excitation  be  carried  to  that  point 
which  would  correspond  to  an  80  per  cent  leading  power  factor 
at  full  load  output,  the  input  to  this  motor  at  half  load  will  be 
306  kv-a.  and  a  reactive  component  of  69  per  cent  obtained  (a^ 
shown  by  the  curve),  or  211  kv-a.  A  slight  decrease  in  field  ex- 
citation will  reduce  this  component  to  the  amount  required. 
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Benefits  to  Be  Obtained  By  the  Substitution  of  a 
Synchronous  Motor  for  An  Induction  Motor 

Fig.  36(a)  shows  the  power  component  and  the  lagging  re- 
active component  of  an  induction  motor  having  a  power  factor 
at  full  load  of  87.5  per  cent.  Fig.  36  (b)  shows  the  reactive  com- 
ponent of  a  synchronous  motor  of  the  same  horsepower  rating 
operated  at  80  per  cent  power  factor  leading. 

Fig.  36(c)  shows  the  benefits  resulting  to  the  system  by  the 
substitution  of  the  synchronous  for  the  induction  motor.  Here 
656  leading  reactive  kv-a.  are  substituted  for  484  lagging  kv-a., 
making  a  total  gain  equivalent  to  1140  leading  kv-a.  This  as- 
sumes that  the  balance  of  the  load  has  a  power  factor  less  than 
unity  and  the  corrective  effect  is  desired. 

Relative  Costs  of  Corrective  Apparatus  Per  Kv-a 
Fig.  37  shows  the  relative  costs  of  synchronous  motors  and 
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of  slip^ring  and  squirrel-cage  induction  motors  per  horsepower 
rating  of  one  large  manufacturer. 

Figs.  38  and  39  show  the  equivalent  gain  in  wattless  com- 
ponent by  the  substitution  of  a  synchrpnous  motor  for  induction 
motor  of  each  type  respectively. 


Fia  39 

Fig.  40  shows  the  relative  costs  per  kv-a.  of  correcting  the 
power  factor  by  use  of  static  condensers  and  synchronous  con- 
densers, and  also  by  the  substitution  of  synchronous  for  induction 
motors.  The  exceedingly  low  cost  of  the  latter  method  of  cor- 
recting power  factor  stands  out  very  clearly. 

The  cost  curves  for  low  voltage  static  condensers  have  not 
been  extended  beyond  250  kv-a.     This  size  is  the  largest  now 
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listed,  but  there  is  no  inherent  size  limitation.    Two  typical  in- 
stallations are  shown  in  Figs.  41  and  42. 

Comparative  Operating  Costs  for  Static  and  Synchronous 

Condensers 

Fig.  43  shows  two  sets  of  cost  curves  based  on  3500  hours 
during  a  year's  operation,  and  including  fixed  charges.  The 
upper  set  is  based  on  an  energy  cost  twice  that  in  the  lower  set. 

Other  Corrective  Apparatus 
Oscillating  Phase  Advancer 

This  device  has  been  developed  to  improve  the  power  factor 
of  induction  motors  having  phase  wound  rotors.  It  is  more 
effective  for  low  than  for  high  frequency  motors,  and  must  be 
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Fig.  41--3-PHASE    60  Cycle    440  Volts    100  Kv-a  Static  Condenser 

Installation  at  Doherty  Silk  Company,  Lake  View,  N.  J. 

(Auto  transformer  not  shown) 

designed  for  use  with  a  specific  motor.  For  complete  description 
see  Electric  Journal,  November,  1918.  Fig.  44  illustrates  this 
device. 

Rotary  Phase  Advancer 

This  device,  referred  to  in  the  1915  report  of  the  Electrical 
Apparatus  Committee,  fulfills  a  similar  purpose,  and  is  described 
in  detail  in  the  General  Electric  Review  for  June,  1914. 

Types  of  Loads  Suitable  for  Synchronous  Motor  Drive 

Air  Compressors  Line  Shafts 

Ammonia  Compressors  Metal  and  Rubber  Rolls 

Centrifugal  Pumps  Mixers 

Conveyors  Motor  Generator  Sets 

Crushers  Pump  Grinders 

Fans  Reciprocating  Pumps 

Frequency  Changers  Screw  Pumps 
Grinders 

Automatic  Synchronous  Condenser  Sub-Station 

In  the  past  two  years  there  has  been  in  successful  operation 
an  automatically  controlled  3000  kv-a.,  4000  volt,  720  rev.  per 
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Fig.   42— 3-Phase   60   Cycle   350   Kv-a    Static  Condenser   Equipment 

Installed  by  the  National  Aniline  and  Chemical  Company, 

Brooklyn,  N.  Y.     (Side  View) 

min.  synchronous  condenser  connected  to  the  system  of  the  In- 
terstate Light  &  Power  Company  (H.  M.  Byllesby  Company)  at 
Hazel  Green,  Wisconsin. 

The  generating  station — 12,000  kv-a.  connected  capacity — 
is  located  at  Galena,  Illinois,  and  the  high  voltage  lines  extend  a 
distance  of  70  miles  with  six  substations  located  along  the  line. 

The  high  voltage  lines  traverse  a  mining  district  and  the 
main  load  is  chiefly  induction  motors.  Along  the  high  voltage 
lines  are  many  small  towns  with  lighting  loads.  Induction  motors 
have  a  definite  power  factor  depending  on  their  loads,  and  due 
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Pic.  43 

to  the  various  applications  of  this  type  of  motor  to  mining  loads, 
the  system  power  factor  was  reduced  to  an  average  value  of  ap- 
proximately 0.75. 

The  problem  of  excessive  line  drop  and  consequent  poor  line 
rq[ulation,  also  diminishing  generating  capacity,  demanded  an 
immediate  solution. 

The  usual  method  of  improving  power  factor,  by  means  of  a 
synchronous  condenser  to  correct  line  drop,  poor  regulation  and 
loss  of  station  capacity,  was  decided  upon  and  in  order  to  effect 
further  economy  it  was  decided  to  make  the  equipment  automatic, 
using  the  same  simple  and  rugged  type  of  drum  controller  as  used 
in  the  Automatic  Railway  Station,  to  function  the  equipment  in 
and  out  of  service. 
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Fig.  44 — Oscillating  Phase  Advancer 

Besides  the  sequence  of  events  fixed  by  the  drum  controller 
and  interlocks,  a  standard  generator  voltage  regulator  automatic- 
ally corrects  power  factor  on  the  transmission  line  through  wide 
variations  in  load. 
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Table  I  gives  the  average  daily  station  load  and  the  results 
which  are  obtained  when  the  condenser  is  operating  under  its 
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normal  load.    The  maximtun  daily  peak  varies  between  7000  and 
7500  kw.  and  the  minimum  load  is  approximately  2000  kw. 

The  power  factor  given  in  the  table  is  the  average  power 
factor  for  the  kw.  load. 

The  increase  in  station  capacity  is  obtained  by  subtracting 
the  kv-a.  station  load  with  condenser  from  kv-a.  without  con- 
denser. 

In  observing  the  results  obtained  in  automatic  operation  f  otir 
points  stand  out  prominently : 

First :  The  ease  and  uniform  accuracy  with  which  the  equip- 
ment is  placed  on  the  line. 

Second:  The  minimum  labor  item  entering  into  the  cost  of 
operation,  this  being  periodic  cleaning  and  inspection. 

Third :  The  operation  of  the  set  in  starting  only  when  it  is  • 
needed,  variation  of  input  being  dependent  upon  demand  for 
power  factor  improvement. 

Fourth :  Obtaining  uniform  smooth  voltage  charts  on  numer- 
ous small  towns  tapped  from  the  high  voltage  distributing  system, 
by  careful  adjusting  of  the  voltage  regulator  correcting  power 
factor  at  the  synchronous  condenser  substation.  It  is  gratifying 
to  see  the  splendid  voltage  charts  obtained  from  these  towns  con- 
trasted with  the  charts  previous  to  the  installation  of  the  con- 
denser. 

The  condenser  is  provided  with  a  starting  induction  motor 
and  an  exciter,  both  direct  connected.  The  operation  of  the  set  is 
briefly  as  follows : 

With  a  drop  in  voltage  brought  about  as  the  result  of  load 
increase  under  poor  power  factor,  a  contact  making  voltmeter 
starts  a  motor  driven  driun  controller  which  fixes  the  sequence  of 
starting  as  follows : 

1st — Synchronous  condenser  is  started  by  direct  connected 
induction  motor  and  speed  is  gradually  increased. 

2nd — When  speed  approaching  synchronism  of  set  is 
reached,  speed  switch  permits  closing  magnetizing  switch,  thus 
putting  condenser  on  line  through  starting  compensator  as  in 
manually  operated  station. 

3rd — Condenser  field  switch  closes  with  resistance  in  series 
to  limit  current  input  to  condenser  to  minimum. 

4th — Magnetizing  and  starting  switches  drop  out,  clearing 

Tech. 


Digitized  by 


Google 


354 

compensator  from  condenser,  and  oil  circuit  breaker  closes,  con- 
necting machine  directly  to  system  through  step-down  trans- 
formers. 

5th — A  contactor  closes  and  short  circuits  a  section  of  con- 
denser field  resistance.    . 

6th — ^The  automatic  voltage  regulator  is  next  switched  into 
service.  This  regulator  operates  directly  on  the  exciter  field 
rheostat,  which  in  turn  increases  the  excitation  of  the  condenser 
to  a  point  at  which  the  input  to  the  condenser  corrects  system 
power  factor  by  an  amount  sufficient  to  boost  previous  low  volt- 
age to  a  predetermined  value. 

Suitable  protective  devices  guard  the  machine  from  over- 
load and  overheating. 

The  application  of  automatic  condenser  notations  need  not 
necessarily  be  confined  to  long  transmission  lines,  but  could  be 
used  in  many  large  industrial  plants  where  inexpensive  housing 
may  be  provided  and  a  careful  cycle  of  operation  worked  out 
to  insure  its  use  only  when  desired. 

POWER  FACTORS  OF  VARIOUS  TYPES  OF  APPARATUS 

A.  C.  Welders 20  to    40% 

Single-Phase  Snyder  Furnace 1  ton. .  35  to    50% 

Single-Phase  Snyder  Furnace 3  ton. .  50  to    65% 

Two-Phase  Snyder  Furnace 3  ton. .  80  to    85% 

Two-Phase  Rennerfelt  Furnace 1  ton. .  70  to    80% 

Threc-Phasc   Moore  Furnace 3  ton. ,  80  to    90% 

Three-Phase  Ludlum  Furnace 5  ton. .  75  to    80% 

Thrce-Phase  Herouh  Furnace 1  ton. .  80  to    90% 

Threc-Phasc  Heroult  Furnace IS  ton. .  80  to    90% 

Bailey  Resistor  Type  Furnace 95  to  100% 

G.  E.  Tilting  Type  Brass  Furnace,  Resistor  Type 95  to  100% 

Annealing  Furnaces 95  to  100% 

Cove  Baking  Ovens 95  to  100% 

A.  C.  Motor  Practice 

An  attempt  was  made  by  the  Committee  to  determine 
whether  there  was  any  generally  established  practice  requiring 
large  alternating  current  motors  to  be  either  of  the  slip-ring  or 
of  the  synchronous  type.  The  information  so  far  received  indi- 
cates that  few  companies  have  experienced  any  difficulties  from 
the  connection  to  their  systems  of  large  induction  motors  of  the 
squirrel  cage  type,  since  few  place  any  limit  on  the  size  of  this 
type  which  may  be  connected. 

Several  companies  require  S)mchronous  motors,  where  suited 
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to  the  load,  for  units  of  100  horse  power  or  more ;  several  have 
schedules  with  advantages  for  high  power  factor  loads,  and  all 
encourage  the  installation  of  synchronous  motors  in  so  far  as 
possible. 
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REPORT  OF  SUB-COMMITTEE  ON  APPARATUS  FOR 
SPECIAL  FIELDS 

BLBCTRIC  FURNACES 

The  last  few  years  have  shown  a  great  increase  in  the  num- 
ber of  electric  furnaces  in  operation  throughout  the  country,  due 
to  their  superiority  over  former  methods  of  production  along 
the  following  lines: 

1.  Better  and  cheaper  product. 

2.  Adaptability. 

3.  Simplicity. 

4.  Comparatively  low  installation  and  maintenance  costs. 

5.  Effective  and  simple  control. 

6.  Safety. 

Electric  furnaces  in  most  general  commercial  use  are  of  the 
arc  type,  resistance  type  or  a  combination  of  the  two,  and  in 
general  are  divided  into  two  classes. 

f .  For  smelting,  stationary  type,  rated  on  24-hour  continu- 
ous output. 

2.  For  melting  and  refining,  tilting  type,  rated  in  holding 
capacity  per  heat. 

Probably  the  majority  of  the  central  stations  in  the  United 
States  are  more  interested  in  the  electric  steel  furnace  than  in 
any  other  type  of  electric  furnace.  While  an  immense  amount  of 
power  is  consumed  in  electric  furnaces  in  the  manufacture  of 
ferro-alloys,  such  as  ferro-manganese,  ferro-silicon,  etc.,  and  in 
the  production  of  calcium  carbide  and  abrasives,  these  latter  in- 
stallations are  pretty  well  confined  to  a  few  localities,  whereas  the 
electric  steel  furnace  is  found  in  all  parts  of  the  United  States. 
A  metallurgist  and  manager  of  a  large  reduction  company  gives 
the  following  figures  as  to  power  consumed  by  electric  furnaces 
for  several  different  products : 

Products.  Kw-hr.  per  Ton 

Stcd  600to     600 

80%  Ferro-Manganese  3500  to    5000 

Ferro-Silicon  Alloy 7000  to    9000 

Tungsten  or  Molybdenum 8000  to  10000 

Metallic  Chrome  (60%  to  70%  alloy) 10000  to  14000 

In  the  year  1918  there  was  an  increase  in  the  number  of 
electric  steel  furnaces  of  fifty- four,  making  the  total  in  this  coun- 
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try  two  hundred  eighty-seven.  When  it  is  appreciated  that 
there  were  only  about  twenty  such  furnaces  in  the  United  States 
on  July  1,  1913,  the  rapid  growth  of  the  industry  will  be  appre- 
ciated. 

The  majority  of  the  steel  furnaces  installed  at  the  present 
time  range  from  one  to  six  tons  in  capacity  of  metal,  the  installed 
transformer  capacity  for  furnaces  ranging  from  300  to  1500  kv-a. 
However,  several  furnaces  of  larger  size  are  in  operation,  the 
largest  being  of  about  twenty-five  tons  holding  capacity,  with 
transformer  equipment  of  from  3500  to  4000  kv-a.  capacity. 

Practically  all  steel  furnaces  now  being  installed  are  of 
either  3-phase  or  2-phase  type  and  can  consequently  be  operated 
from  a  3-phase  system  without  causing  serious  unbalanced  load 
conditions.  There  are  also  a  number  of  single-phase  furnaces 
still  being  used.  All  electric  furnaces  now  used  in  this  country 
in  the  commercial  production  of  steel  are  of  the  arc  type  and  con- 
sequently operate  at  a  power  factor  as  a  nile  well  above  80  per 
cent.  In  fact,  there  are  several  1500-kv-a.  furnaces  operated  on 
60-cycle  circuits  at  approximately  93  per  cent  power  factor, 
whereas  the  power  factor  of  a  similar  equipment  on  a  25-cycle 
system  will  occasionally  go  as  high  as  96  per  cent.  While  a 
high  power  factor  is  of  course  desirable  from  the  central  station 
viewpoint,  it  must  be  remembered  that  to  obtain  a  high  power 
factor  we  must  have  a  low  reactance  circuit,  and  that  conse- 
quently the  momentary  surges  which  are  bound  to  occur  in  any 
steel  melting  furnace,  will  reach  a  somewhat  higher  value  in  a 
furnace  which  has  a  very  high  operating  power  factor  than  in  one 
that  has  a  somewhat  lower  normal  power  factor.  Since  as  a  rule 
the  greater  portion  of  the  reactance  in  a  furnace  circuit  lies  in 
the  busbars  and  cables,  the  percentage  reactance  will  vary  with 
the  arc  voltage  of  the  furnace  and  the  kv-a.  capacity  of  the  trans- 
former. In  some  furnaces  which  use  rather  high  arc  voltages, 
either  during  a  portion  or  the  whole  of  the  operating  cycle,  an 
external  reactance  coil  is  connected  in  the  circuit  during  that 
portion  of  the  cycle  for  which  the  high  voltage  is  used.  It  is  sel- 
dom, except  on  small  furnaces,  that  the  value  of  the  momentary 
current  surges  which  occur  will  exceed  2^  to  3  times  the  normal 
current  value.  Most  furnaces  are  now  equipped  with  regulators 
which  automatically  maintain  the  power  input  at  the  desired 
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value,  except  for  the  momentary  fluctuations  which  occur  when  a 
piece  of  metal  falls  against  the  electrode  or  something  of  that 
sort.  These  regulators  have  been  developed  to  a  high  degree  of 
perfection  and  give  excellent  results.  (Fig.  45  shows  power  in- 
put to  a  3-phase,  25-cycle,  calcium  carbide  furnace  equipped  with 
automatic  electrode  regulator.) 

Electric  furnace  transformers  are  practically  always  special, 
inasmuch  as  the  voltages  required  by  the  furnaces  are  not  the 
same  as  those  for  ordinary  low  voltage  power  service. 

Ferro-alloy  and  calcium  carbide  furnaces  are  of  the  arc  type, 
usually  3-phase,  and  vary  anywhere  from  300  to  20,000  kv-a.  of 


Fig.  45 — Power  Input  to  a  3-Phase,  25-Cycle  Calcium  Carbide  Furnace 
Controlled  by  a  Seede  Automatic  Electrode  Regulator  at  the 
American  Cyanamid  Company,  Niagara  Falls,  Ontario,  Canada 
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transformer  capacity  installed  per  furnace.  Probably  the  largest 
single  furnace  installation  which  was  put  into  operation  in  1918 
is  the  calcium  carbide  plant  erected  by  the  Government  at  Muscle 
Shoals,  Ala.,  in  connection  with  the  nitrate  development.  In  this 
plant  twelve  furnaces  are  installed,  each  having  approximately 
8000  kv-a.  in  transformer  capacity.  A  ferro-manganese  plant 
consisting  of  5-5500  kv-a.  transformers  was  also  installed  in 
Montana. 

A  considerable  number  of  electric  brass  melting  furnaces 
were  installed  during  1918,  the  majority  of  these  being  of  small 
capacity,  requiring  about  200  to  300  kv-a.  in  transformer  capac- 
ity. Some  of  these  are  of  the  arc  t)rpe,  some  of  the  resistance 
type,  some  3-phase  and  some  single-phase.  The  majority  of  them 
are  single-phase.  Several  installations  of  small  induction  type 
brass  melting  furnaces  are  also  being  made.  These  as  a  rtile 
require  approximately  80  kv-a.  single-phase,  at  approximately 
70  per  cent  power  factor.  The  installation  usually  consists  of 
quite  a  number  of  these  small  units,  so  that  they  may  be  distrib- 
uted on  the  various  phases  of  a  3-phase  system,  constituting 
practically  a  balanced  load.  Fig.  46  shows  a  tilting  type  of  elec- 
tric brass  furnace,  consuming  300  kw.  and  melting  1500  pounds 
of  brass  per  hour.  Equipments  of  this  type  have  been  designed 
for'3-phase,  2-phase  and  single-phase  in  capacities  from  600  to 
5000  pounds. 

Bulletin  171,  Bureau  of  Mines,  "Melting  Brass  in  Rocking 
Electric  Furnaces,"  gives  a  resume  of  brass  furnace  design  and 
operation. 

TABLE  II. 

Electricity  Oil  .  Coke 

Fuel  Price l^cpcrkw-hr.  9.8c.pergal.  $9.75perton 

Fuel  Quantity  per  ton 400-700  kw-hr.  SO  per  gal.  1200  lb. 

Metal  Loss— (Zn) 1.5%  6%  3% 

Zinc  Value  10  cents  per  lb. 

Table  III  gives  cost  of  melting  brass  (65  per  cent  copper 
and  35  per  cent  zinc)  under  average  conditions  in 

1.  An  electric  furnace  as  shown  in  Fig.  46. 

2.  An  oil  fired  furnace. 

3.  A  coke  fired  furnace. 

The  metal  was  poured  at  1100  deg.  cent.,  and  the  comparison 
is  based  on  the  figures  given  in  Table  IL 
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TABLE  III. 
COST  PER  TON— TWENTY-FOUR  HOUR  DAY 

Electricity 

400  kw-hr.  C  1J4 $5.00 

50ga].  oil  at  $0,098  per  gal 

1200  lb.  coke  at  $9.75  per  ton 

1 J4  per  cent  metal  loss  (Zn) 3.00 

6  per  cent  metal  loss 

3  per  cent  metal  loss 

Crucible  cost  per  ton 

Renewals  and  repairs  to  furnace 50 

Electrodes  and  coke 

5  lb.  coke  and  4.5  lb.  graphite 50 

Cost  per  ton  (24-hr.  day) $9.00       $17.40       $19.85 

Cost  per  ton  (dirty  scrap)  10-hr.  day 12.75         17.40         19.85 

Cost  per  ton  (clean  scrap)  10-hr.  day 1025         17.40         19.85 

The  induction  or  resistance  furnace  draws  a  steady  load, 
free  from  the  surges  which  are  inherent  in  an  arc  furnace.  This 
type  of  furnace  has  not  been  applied  with  any  success  to  steel 
making  in  this  country,  although  a  good  deal  of  experimental 
work  has  been  carried  on.  However,  the  prospects  are  that  in 
the  future  the  induction  furnace  may  be  used  extensively  for 
steel  melting,  if  the  difficulties  that  have  been  experienced  can  be 
overcome. 


Oil 

Coke 

$4.90 

$5*85 

Y2.66 
'".50 

'  6.66 

8.00 

Fig.  47— Vertical  Section  of  an  Induction  Furnace 

Figs.  47,  48  and  49  show  principle  of  operation  and  construc- 
tion of  an  induction  furnace,  in  which  heat  is  generated  by  pass- 
ing current  through  the  charge  of  metal.  A  ring  shaped  hearth 
is  built  arotmd  core  and  primary  windings,  which,  when  filled 
with  metal,  forms  the  secondary  of  transformer. 

The  various  types  of  furnaces  developed  have  somewhat  dif- 
ferent characteristics,  consisting  principally  in  the  location  of 
electrodes  and  electrical  connections.  Those  favoring  bottom 
electrodes  claim  in  general  that  their  use  prevents  chilling  of 
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Fig.  S3 — One-Ton  Booth-Hall  Electric  Furnace  Equipped  with  Auto- 
matic Electrode  Regulator  at  New  England  Steel  Castings  Co.  East 
Longmeadow,  Mass. 
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Fig.  56—3  Phase  Nitrogen  Fixation  Furnace 


Fig.  57— Inside  of  Section  for  Elbcirically  Heated  Gun  Furnace. 
Diameter^  Inside  Bcae^  4  Feet 

trouble  is  experienced  due  to  poor  voltage  regulation  caused  by 
heavy  current  surges  through  furnaces  operating  with  too  low 
reactance  values. 

One  company  with  several  types  of  furnaces  on  its  lines  re- 
ports regarding  the  operation  of  two  sizes  of  the  same  type : 

2 — 15  ton  supplied  from  3000  kv-a.,  three-phase  transform- 
ers, ll,dOO  volt,  Primary  Reactance  4.27  per  cent 

1 — 1  ton  supplied  from  3-200-kv-a.,  single-phase  transform- 
ers, 2080  volt,  Primary  Reactance  2.15  per  cent. 
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"The  power  factor  of  these  is  good^  but  the  reactance  on 
the  one  ton  outfit  is. so  low  that  if  it  were  not  on  its  own  line, 
service  to  other  consumers  would  be  greatly  impaired,  due  to  the 
very  violent  fluctuations  caused  by  low  reactance  of  transformers. 
No  appreciable  fluctuation  is  noticed  on  the  15-ton  furnaces  fed 
from  11,000- volt  lines." 

Another  company  reports,  "We  have  a  number  of  furnaces 
on  our  system  and  have  found  that,  because  of  rapid  'fluctuations 
from  overload,  it  is  necessary  to  run  separate  circuits  from  the 
station  or  substation  to  the  furnace,  except  when  it  is  of  very 
small  capacity,  i.e.,  less  than  150  kw.  We  have  also  found  that 
even  with  a  separate  circuit  the  larger  furnaces  are  apt  to  dis- 
turb the  voltage  regulation  of  other  consumers  if  the  reactance 
of  the  furnace  and  transformers  is  not  properly  proportioned. 
We  have  adopted  a  rule  that  in  the  future  all  furnace  installa- 
tions must  have  a  reactance  such  that  no  more  than  twice  the  full 
normal  current  will  flow  even  with  a  short  circuit.  This  has 
been  found  necessary,  as  the  substations  from  which  these  fur- 
naces are  supplied  are  fed  by  long  transmission  lines." 

Another  company  reports,  "There  are  only  two  electric 
furnaces  connected  to  our  lines.  One  furnace  is  rated  at  750 
kv-a.  and  the  other  at  approximately  1000  kv-a.  Both  furnaces 
are  of  the  3-phase  type  and  to  date  we  have  suffered  no  incon- 
venience from  having  them  on  our  lines'.  The  furnaces  are  lo- 
cated approximately  seven  miles  from  our  si;bstation  which  sup- 
plies them  and  are  fed  from  a  line  operating  at  13,200  volts, 
3-phase,  25  cycles." 

Nitrogen  Fixation  Furnaces 

This  class  of  furnace  differs  from  the  smelting  and  refining 
furnace  in  that  voltages  of  several  thousand  (5500-6600  at  25  or 
60  cycles)  are  used  at  the  arc.  Older  types  were  of  single  phase, 
necessitating  group  of  three  for  balanced  load.  A  new  3-phase 
nitrogen  fixation  furnace  has  recently  been  developed  (diagram 
shown  in  Fig.  56)  which  promises  good  results.  It  is  claimed 
that  the  furnace  operates  at  very  high  power  factor,  and  present 
sizes  require  up  to  3(X)  kw.  oi  energy.  Suitable  reactances  are 
used  to  limit  current  surges. 

This  class  of  furnace  offers  good  opportunities  for  the  sale 
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of  off-peak  power,  as  furnace  may  be  started  and  stopped  at  any 
time  without  affecting  the  character  of  the  product.  As  the  pro- 
cess consists  in  the  formation  of  nitric  oxide  from  the  combina- 
tion of  nitrogen  and  oxygen  at  the  electric  arc,  there  are  no  metals 
to  freeze  when  power  is  suddenly  discontinued.  Large  amounts 
of  power  are  usually  consumed  by  an  air  nitrate  factory,  the  aver- 
age size  requiring  approximately  10,000  kw. 

Many  heat  treating  furnaces  have  been  developed  for  shrink- 
ing and  heat  treatment  of  guns,  shafts,  blocks  and  similar  pieces. 
This  type  of  furnace  uses  heavy  resistance  ribbon  wound  back 
and  forth  on  moulded  brick  insulators  inside  the  cylinder  wall. 
Electric  current  is  circulated  through  ribbon  to  heat  pieces  in- 
serted in  cylinder.  (Fig.  57.)  Furnaces  of  this  type  are  made 
either  vertical  or  horizontal. 

1.  Shrinking  furnace  designed  for  temperatures  up  to   1000 

deg.  fahr.  Built  in  horizontal  or  vertical  sections  of 
standard  size  to  give  desired  length  or  height.  Usually 
hand  control. 

2.  Heat  treating  furnace  designed  for  temperatures  up  to  1600 

deg.  fahr.     Generally  similar  in  construction  to  shrink- 
ing furnaces,  except  designed  for  higher  temperature. 
Usually  automatically  regulated. 
A  great  many  of  both  types  of  heat  treating  furnaces  have 
lieen  installed  throughout  the  country  during  the  past  two  years 
and  the  excellent  power  factor  and  load  factor  of  a  group  of  such 
furnaces  make  a  very  desirable  load.    Power  required — from  35 
to  500  kv-a.  for  various  furnace  sizes. 

Electric  Welding 

The  development  of  electric  welding  apparatus  during  the 
past  few  years  has  been  very  marked,  particularly  in  its  applica- 
tion to  the  shipbuilding  industry  where  great  improvements  have 
been  made  in  speed,  economy,  efficiency  and  convenience. 

It  is  estimated  by  the  Welding  Committee  of  the  U.  S. 
Shipping  Board,  Emergency  Fleet  Corporation,  that 

1.  A  saving  is  effected  of 

(a)  60  per  cent  in  riveting  minor  parts  of  a  ship. 

(b)  25  per  cent  in  riveting  the  hull  plates  of  a  ship. 

2.  Spot  welds  can  be  made  stronger  than  the  plates  joined. 
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3.  Butt  wdded  joints  have  90  per  cent  of  the  plate  strength 

and  over  100  per  cent  with  butt  straps,  whereas  triple 
riveted  joints  have  only  70  per  cent  or  less. 

4.  As  more  confidence  in  the  welded  joint  is  demonstrated 

by  actual  experience  at  sea,  a  20  per  cent  saving  in 
steel  required  may  be  made  in  reducing  the  strength 
members  of  the  ship  due  to  the  higher  efficiency  of  the 
welded  joints. 

5.  Greater  speed  and  uniformity  on  the  straightaway  parts 

of  ship  joints  will  be  secured  by  the  use  of  automatic 
welding  machines  which  partially  eliminate  the  human 
element. 
While  the  classification  societies  of  this  country  have  form- 
ally approved  for  welding  only  certain  minor  parts  of  a  ship, 
several  welded  ships  of  small  sizes  are  now  under  construction 
in  England  and  a  275-ton  cross  channel  welded  barge  has  been 
in  service  since  June,  1918.    The  general  opinion  is  that  electric 
welding  defects  are  mechanical,  not  the  fault  of  the  process,  and 
that  the  establishment  of  welding  as  a  skilled  trade  would  supply 
a  class  of  operators  which  would  quickly  establish  the  superiority 
of  the  process  over  old  methods. 

A  classification  of  welding  may  be  made  under  two  sub- 
divisions. 

1.  Resistance  welding. 

2.  Arc  welding.  , 

The  greater  part  of  the  development  has  been  along  the  line 
of  the  application  of  welding  rather  than  the  design  of  welding 
apparatus.  However,  many  new  and  convenient  pieces  of  appa- 
ratus embodying  old  principles  have  been  brought  out  both  of  the 
Resistance  and  Arc  type.  A  brief  description  of  some  of  the 
more  commonly  used  follows. 

Resistance  Welding 

Portable  spot  welder  to  replace  riveting  machine,,  27  inch 
reach.  Capacity  31,000  amperes.  Operates  on  440-volt,  60-cycle 
circuit  and  requires  350  kv-a.  input  to  primary.  Also  operates 
on  220-volt,  25-cycle  circuit.  Power  factor  30  to  40  per  cent  on 
60  cycles  and  60  to  75  per  cent  on  25  cyles.  Maximtun  mechanical 
pressure  25,000  pounds  from  8-inch  air  cylinder  with  air  pressure 
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100  pounds  per  square  inch.    Pressure  reducing  valve  is  provided 
for  work  requiring  lower  pressures.    (Fig.  58.) 


Fig.  58 — Electric  Welder — Z3  Inch  Reach 

Capable  of  Welding  Together  Two  Steel  Plaics  ^  Inch  Thick  in  Spots 

1  Inch  in  Diameter 

Small  portable  welder  for  splicing  and  welding  iron  mesh 
re-inforcing  rods.    (Fig.  59.) 

Self-contained  portable  rivet  heater  of  series  conduction 
type.  Rivets  are  placed  in  series,  one  between  each  pair  of  water 
cooled  jaws  and  heated  in  such  a  manner  that  shank  is  hotter 
than  head,  resulting  in  a  more  perfect  upset  of  rivet  without 
marring  the  head.  (Fig.  60.)  Table  IV  of  rivet  heater  capacities 
shows  sizes  in  which  this  equipment  is  manufactured. 

Some  very  large  alternating  current  spot  welding  machines 
have  been  built  to  weld  ship  plates,  etc.,  and  it  seems  probable 
that  heavy  spot  welding  will  in  time  replace  a  considerable  por- 
tion of  the  present  riveting  operation.    Large  spot  welders  of  this 
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TABLE  IV. 
RIVET  HEATER  CAPACITIES 


Ky-a. 

Numbe* 
Jaws 

/ 1 

Diameter 

6 

2 

54-54 

12 

H-H 

18 

H-H 

18 

H-1 

30 

54-1 

30 

f4-m 

RiTet ,  , Estimated  RWcto  Per  Hour , 

Length  Max.  Rate  Min.  Rate 

Ji-2  250  OAx  54)  75  (54x1-1) 

V*-^2  360  (Hx  Ya)  100  (Hx2) 

J4-2  4S0(><xJ4)  125  («x2) 

Ji-2  260  (Jix  y^)  100  f  1x2) 

l'/4— 6  450(j4x54)  100(1x6) 

1—6  300(54x1)  12S(15i— 6) 


^ 


A 


/ 

Fig.  59 — Portable  Electric  Welder  for  Splicing  or  Inter- Section  Welds 
ON  Square  or  Round  Rods 

type  require  a  considerable  amount  of  power  at  a  low  power  fac- 
tor, usually  from  30  to  50  per  cent,  the  amount  of  power  re- 
quired ranging  from  100  to  600  kv-a.  in  an  intermittent  duty 
cycle  of  the  nature  of  15  seconds  on  and  15  seconds  off.  Where 
these  large  welders  are  used  to  any  extent  it  may  be  found  best 
to  supply  flywheel  motor  generator  sets  to  provide  power  for 
them,  in  order  to  secure  a  good  power  factor,  distribute  load  over 
all  phases  and  give  a  larger  interval  of  time  for  each  weld,  thus 
substituting  gradual  for  sudden  and  large  changes  of  power.  On 
accoimt  of  the  high  reactance  of  the  welding  circuit,  the  welding 
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current  will  remain  constant  as  the  speed  of  the  motor  generator 
set  falls  away,  thus  favoring  the  use  of  a  flywheel. 

Fig.  61  shows  view  of  a  stationary  duplex  spot  welder 
with  6-foot  reach.  Electrodes  are  mounted  separately  with  sepa- 
rate air  cylinders  to  secure  uniformity  of  weld.  Two  trans- 
formers mounted  in  frame.  Polarity  of  electrodes  on  one  side 
of  plate  to  be  welded  is  reverse  of  those  on  the  opposite  side,  so 
that  secondary  current  from  each  transformer  flows  through 
each  weld.  Capacity  50,000  amperes,  450  kv-a.  input  to  primary 
of  each  transformer  in  series.     When  flywheel  motor  generator 


Fig.  60— Electric  Rivet  Heater— Front  View 
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set  is  used,  the  total  maximum  power  drawn  from  the  circuit  is 
approximately  100  kw. 

Fig.  62  shows  an  experimental  spot  welding  machine  built 
by  one  of  the  electric  manufacturing  companies.    This  welder  is 


Fig.  61— Duplex  Electric  Welder— 6  Feet  Reach.  Capable  of  Wbloing 
Together  Two  Steel  Plates  fi  Inch  Thick  in  Two  Spots  1J4  Inches 

IN  Diameter 

supplied  from  a  2,000  kv-a.  transformer,  power  for  which  is 
supplied  through  a  motor  generator  set  of  6,000  kv-a.  capacity. 
Three  1  inch  plates  were  successfully  welded,  consuming  72,00( 
amperes  at  20  volts  and  a  pressure  of  15  tons. 

Reports  from  operating  companies  on  the  electric  welding 
load  include  the  following: 

"Up  to  the  past  ,two  or  three  years  electric  welders  have 
given  us  no  trouble  whatsoever,  but  in  recent  years  the  size  of 
welders  has  increased  until  now  we  have  four  or  five  on  our  lines 
which  are  capable  of  making  welds  for  a  cross  section  of  7  square . 
inches.  These  welders  require  several  hundred  kilowatts  at  a 
comparatively  low  power  factor,  and  because  of  the  intermittent 
nature  of  the  load  are  a  serious  disturbance  to  the  regulation  of 
the  system.    The  revenue  from  them  is  so  small  that  separate 
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lines  for  the  welders  alone  are  not  warranted;  also  the  fluctua- 
tions cannot  be  kept  down  by  the  use  of  reactors,  as  the  welders 
require  very  close  regulation  at  the  welding  jaws.  We  are  at  the 
present  time  considering  the  use  of  motor  generator  sets,  perhaps 
with  fly-wheel,  in  order  to  give  more  even  load  at  a  better  power 
factor." 


Fig.  62 — Machine  for  Experimental  Weirding  for  Heavy  Steel  by  Elec- 
TRiQTY,  Current  Capaoty  100,000  Amperes,  Pressure  Capaoty  36 
Tons 

Another  report  referring  to  the  operation  of  large  welders 
on  the  system  states,  "Such  intermittent  drafts  of  current  are 
sure  to  result  in  voltage  disturbances  difficult  to  handle.  It  would, 
therefore,  seem  desirable  to  place  an  upper  limit  on  the  size  of 
welder  which  can  be  supplied  from  the  central  station  distribu- 
tion lines  directly  through  transformers  and  above  that  point 
definitely  recommend  the  use  of  flywheel  motor  generator  sets  or 
other  means  of  peak  and  phase  equalization. 

"It  is  our  understanding  that  some  difficulty  has  been  ex- 
perienced in  metering  these  welding  loads.  Due  to  the  very  low 
power  factor  and  intermittent  nature  of  the  load  it  may  be  desir- 
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able  ( 1 )  to  attempt  specification  of  limits  of  reactance  to  be  em- 
ployed in  various  sizes  of  welders,  (2)  to  recommend  the 
metering  of  this  class  of  load  entirely  on  a  kv-a.  basis." 

Welding  Transformers 

No  new  developments  have  been  made  in  welding  trans- 
formers except  that  they  are  produced  in  larger  sizes.  Windings 
are  cooled  by  using  copper  pipe  as  primary  winding  with  water 
circulating  through  it,  and  secondary  terminals  are  water  cooled 
where  necessary.  If  lower  secondary  coil  temperatures  are  de- 
sirable, an  auxiliary  coil  of  copper  pipe  may  be  brazed  to  copper 
bar  windings. 

Arc  Welding 

Arc  welding  may  be  divided  into  alternating  and  direct  cur- 
rent classes.  Considerable  discussion  has  taken  place  over  the 
relative  merits  of  the  two  methods. 

Alternating  Current  Arc  Welding  Apparatus 

Some  welding  apparatus  designed  for  the  use  of  an  alternat- 
ing current  at  the  arc  has  been  produced.  The  usual  equipment 
consists  of  a  transformer  of  the  desired  current  capacity  having 
a  high  leakage  reactance  between  primary  and  secondary.  The 
secondary  is  usually  designed  to  give  the  arc  striking  voltage  of 
110  on  open  circuit.  Reactance  of  the  transformer  is  sufficient 
to  cut  secondary  voltage  down  to  about  20  volts  at  normal  weld- 
ing current,  which  gives  a  power  factor  of  approximately  18  to 
20  per  cent.  Different  secondary  taps  are  provided  to  vary  cur- 
rent values.  On  the  usual  one-man  metallic  electrode  equipment, 
lowest  tap  gives  70  amperes  at  20  volts  and  highest  tap  200  am- 
peres at  20  volts. 

Several  welding  arcs  within  reasonable  distance  of  each  other 
may  be  operated  from  a  constant  current  transformer,  the  cur- 
rent from  the  secondary  of  which  flows  through  the  primaries  of 
all  welding  transformers  in  series.  The  inherent  reactance  of  the 
constant  current  transformers  is  low,  and  the  power  factor  of  a 
system  can  be  made  much  higher  than  where  individual  trans- 
formers are  operated  in  multiple  from  a  constant  potential 
circuit. 

It  would  appear  that  good  and  poor  welds  are  made  by  all 
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types  of  electric  welding  apparatus  and  that,  from  the  viewpoint 
of  the  quality  of  work  produced,  the  type  of  apparatus  is  not  so 
important  as  the  skill  of  the  operator.  It  is  to  the  advantage  of 
the  central  station  companies  to  recommend  to  consumers  on  its 
lines,  contemplating  the  use  of  welding  equipment,  types  of  weld- 
ing apparatus  with  electrical  characteristics  which  will  preserve 
a  satisfactory  power  factor  and  balance  of  the  system,  and  which 
will  not  cause  excessive  voltage  disturbances. 

Direct  Current  Arc  Welding  Apparatus 

Energy  is  supplied  for  direct  current  welding  from  constant 
potential,  constant  current  or  differential  generators.  The  older 
type  of  constant  potential  equipment  generated  at  from  60  to  75 
volts  with  a  series  resistance  provided  with  taps  to  supply  various 
values  of  welding  current  at  approximately  20  volts  across  the 
arcs.  A  later  and  more  efficient  development  of  this  type  generates 
at  35  volts  and  uses  an  automatically  regulated  series  resistance. 

The  constant  current  generator  operates  with  a  small  amount 
of  stabilizing  resistance. 

The  differential  type  consumes  no  energy  in  resistance  and 
is  highly  efficient.  A  comparatively  new  equipment  of  this  type 
is  known  as  the  constant  energy  system  which  embodies  the 
principle  of  the  ordinary  balancer  set.  The  set  operates  from 
a  125  volt  D.  C.  line  without  the  use  of  series  resistance,  the 


Fig.  63 — Constant  Energy  Arc  Welding  Set  for  Metallic  Welding 
One  Man  Portable  Outfit,  Norfolk  Navy  Yard 
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diflference  between  the  supply  and  arc  voltage  being  absorbed 
by  the  motor  (Figure  63). 

Diflferential  equipments  are  generally  used  for  metallic 
welding  only,  one  set  for  each  welder.  For  carbon  welding  or 
where  it  is  desired  to  operate  several  welders  from  one  machine, 
the  constant  potential  system  is  generally  used  to  facilitate  the 
control  of  current  for  individual  welders. 

Electrification  of  the  Oil  Fields 

The  electrification  of  oil  wells  has  proceeded  very  rapidly 
within  recent  years  due  to  the  great  economies  effected.  The 
tremendous  developments  in  oil  production  are  each  creating  a 
larger  field  for  the  sale  of  power  by  central  station  companies 
within  whose  districts  the  oil  fields  are  located. 

Table  V  gives  the  location  of  the  various  oil  fields  with  some 
general  data  as  to  character  of  product  and  methods  of  operation. 

As  an  indication  of  the  increasing  favor  which  electric  drive 
is  finding  with  oil-well  operation,  one  of  the  largest  producers  in 
Oklahoma  and  Kansas  after  an  extended  survey  of  its  operating 
conditions  placed  an  order  for  700  equipments  to  be  added  to  the 
30  previously  installed.  This  is  the  largest  single  electrification 
so  far  made  in  this  country. 

During  the  fall  the  United  States  Fuel  Administration 
evinced  an  active  interest  in  electric  operation  and  hegsoi  a  careful 
investigation  through  its  Bureau  of  Oil  Conservation  at  Okla- 
homa City  to  determine  whether  this  form  of  drive  showed  ma- 
terial economies  in  oil  production  and  fuel  consumption.  Unfor- 
tunately the  ending  of  the  war  terminated  this  work,  but  much 
progress  was  made  to  indicate  advantages  along  this  line,  al- 
though the  data  gathered  were  not  sufficient  to  make  final  deduc- 
tions. 

A  few  instances  are  cited  to  show  economies  effected  in  the 
California  field  by  the  installation  of  electric  drive,  a  large  part  of 
the  economy  being  in  the  decrease  effected  in  the  number  of  in- 
terruptions of  production. 

22  per  cent  saving  effected  on  12  oil  wells. 
36  per  cent  saving  effected  on  8  oil  wells. 
24  per  cent  saving  effected  on     12  oil  wells. 
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40  per  cent  saving  eflfected  on  107  oil  wells. 

63  per  cent  saving  eflfected  on  group  of  wells  (12  boilers 
discarded). 

Oil  wells  are  of  two  classes,  deep  and  shallow. 

An  electric  motor  to  be  applicable  to  deep  oil  well  service 
must  perform  two  functions,  pumping  and  pulling,  the  motor 
pimiping  about  98  per  cent  of  the  time  and  the  other  2  per  cent 
lifting  and  lowering  tubes  and  tools,  clearing  well,  baling  sand, 
etc.  These  two  operations  demand  diflferent  motor  characteristics 
and  the  manufacturing  companies  have  developed  a  two-speed, 
variable  speed  induction  motor  for  this  service.  Previous  to  last 
year,  the  standard  sizes  were 

25/10-h.p.— 3-phase,  440-volt,  1200/600  r.p.m.,  and 

30/15-h.p.— 3-phase,  440-volt,  1200/600  r.p.m. 

During  the  last  year  the  increased  requirements  of  some  of 
the  California  deep  wells  resulted  in  the  development  of  a  heavy 
duty  oil  well  motor.  This  new  motor  is  a  50/20  horsepower,  3- 
phase,  440-volt,  900/450  rev.  per  min. 

This  type  of  double  rated  motor  uses  the  low  speed  for 
pumping  and  high  for  pulling.  Motor  is  equipped  with  double 
throw  switch  mounted  on  side  of  frame  for  changing  the  number 
of  poles  to  eflFect  change  in  speed.  Secondary  is  coil  wound  with 
six  collector  rings  connected  through  controller  and  resistors  to 
give  at  cither  synchronous  speed  a  50  per  cent  speed  reduction 
continuously  at  full  load  torque.  Equipment  also  includes  oil 
circuit  breaker  equipped  with  automatic  overload  coils  and  in- 
verse time  limit  relay.  Coils  are  double  wound  to  protect  motor 
on  both  pumping  and  gulling  speeds,  the  proper  coil  being  auto- 
matically inserted  in  the  circuit  by  the  speed  changing  switch  on 
motor  frame  to  prevent  wrong  overload  coil  winding  being  in 
circuit  on  either  speed.  Circuit  breaker  cannot  be  held  or  locked 
in  on  short  circuit.  Fig.  64  shows  an  ammeter  mounted  on  oil 
circuit  breaker  cover  which  indicates  actual  pumping  loads  at  all 
times  and  assists  in  properly  counter-balancing  the  well.  The 
ammeter  is  automatically  disconnected  from  the  circuit  when 
pulling,  etc. 

A  single  speed  induction  motor  is  also  manufactured  for 
deep  oil  well  service  with  a  double  throw  switch  on  motor  frame 
to  connect  windings  in  star  for  pumping  and  Delta  to  secure  the 
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Fig.  64 — Two- Speed  Variable  Speed  Oil  Well  Motor  Installation  at 
Well  No.  22,  Porter  Lease,  Carter  Oil  Company,  Midian,  Kansas 

additional  torque  required  for  pulling.  Motor  is  equipped  with 
a  maximum  torque  switch  and  relay.  When  pumping,  the  motor 
is  connected  to  the  line  through  circuit  breaker  with  overload  re- 
lays, etc.  When  ''pulHng,"  the  primary  of  motor  is  connected 
directly  to  line  with  maximum  torque  relay  in  series  with  one  of 
the  leads.  If  motor  becomes  overloaded  in  pulling  tubing,  in- 
stead of  opening  the  circuit  breaker  the  maximum  torque  relay 
will  lift,  operating  the  maximum  torque  switch  which  inserts  the 
proper  resistance  in  motor  secondary  to  give  the  maximum  torque. 
The  motor  may  stall,  but  remains  connected  to  the  line,  exerting 
its  maximum  torque  so  there  is  no  danger  of  dropping  the  tube, 
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which  would  result  in  a  serious  loss  of  production.  This  device 
is  also  applicable  to  two  speed  motor.  Figures  65,  66,  67  and  68 
show  motor  and  parts  of  control  equipment. 


Fig.  65— Two-Speed,  Wound  Secondary  Induction  Motor 


Fig.  66— Controller  for  Motor  Primary  and  Secondary 


Digitized  by 


Google 


381 

Shallow  wells  may  be  pumped  successfully  individually  by 
squirrel  cage  induction  motors,  or  in  groups,  usually  of  15  or  20 
wells,  by  a  variable  speed  wound  secondary  induction  motor. 

In  general,  oil  well  electrification  produces  a  very  acceptable 
load.     Motors  operate  twenty-four  hours  per  day,  and  while  there 


Fig.  67— Maximum  Torque  Switch 

are  relatively  high  peaks  on  individual  motors  in  their  energy 
demand,  the  diversity  factor  produces  a  practically  constant  load 
on  the  central  station  system.  Difficulty  is  sometimes  caused  by 
the  low  power  factor  of  this  class  of  load,  which  in  some  cases 
assumes  serious  proportions. 

The  following  is  a  comprehensive  report  from  one  of  the 
Pacific  Coast  companies  supplying  power  to  a  large  ntunber  of 
oil  wells  in  the  California  field,  with  reference  to  the  character- 
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Fig.  68 — Combined  Line  Switch  and  Oil  Circuit  Breaker  with 
Maximum  Torque  Relay 

istics  of  oil  well  motors  in  actual  service  and  their  effects  on  the 

central  station  system. 

From  a  load  factor  standpoint,  an  oil  well  motor  load 
is  a  very  desirable  one,  the  aim  of  the  operators  being  to 
keep  their  motors  pumping  as  continuously  as  possible,  but 
from  a  power  factor  standpoint  this  load  is  not  so  desirable, 
unless  proper  steps  are  taken  to  improve  the  power  factor. 
The  two  manufacturers  of  oil  well  motors  rate  the  per- 
formance of  their  15/30-h.p.  440-volt  variable  speed  motors 
as  follows: 
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EFFICIENCY  PER  CENT,  APPROXIMATELY— 
One-half  Three-quarter  Full 

Load  Load  Load 

n  80.5  81  • 

81  83  82.5 

POWER  FACTOR  PER  CENT,  APPROXIMATELY— 
49  59  70 

57  68  74 

On  actual  tests  of  motors  in  service  on  pumping  work 
we  have  found  the  following  power  factor  existing: 


Motor 

H.  P.  Absorbed 

Power  Factor 

No.l 

9.3 

50% 

2 

8.87 

58 

3 

102 

50 

4 

102 

50 

5 

8.04 

38 

Test  No.  6  consisted  of  measuring  the  power  which  is 
metered  by  one  meter  on — 

1 — 40-h.p?  constant  speed,  squirrel  cage  motor 
1 — 15/30-h.p.  440- volt,  variable  speed  motor 
2 — 10/25-h.p.  440-volt,  variable  speed  motor 

each  on  an  individual  pump.  The  meter  showed  a  cunsumf)- 
tion  of  62.8  horse  power.  The  power  factor  of  the  load  was 
56  per  cent.  You  will  note  that  in  this  case  the  constant 
speed  motor  increased  the  power  factor  of  the  variable  speed 
motors. 

Test  No.  7 — We  then  made  a  test  on  another  bank  of 
transformers  to  which  were  connected — 

5 — 15/30-h.p.  G.E.,  440-volt  variable  speed  motors 

7 — 10/25-h.p.  G.E.,  440-volt  variable  spieed  motors 
All  motors  at  time  of  test  were  being  used  for  pumping. 
The  horse  power  indicated  was  122.08.     The  power  factor 
was  56  per  cent. 

Test  No.  8 — Horse  power  absorbed  8.58.  Power  factor 
47  per  cent. 

We  have  four  substations  stepping  down  from  70,000 
volts  and  distributing  at  11,000  volts,  the  bulk  of  the  load  be- 
ing oil  well  motors.  The  average  power  factor  in  these 
stations  varies  from  49  per  cent  to  70  per  cent.    The  total 
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installed  capacity  of  the  step-down  transformers  in  these 
various  substations  is  12,000  kv-a.,  and  the  transformers  are 
practicalUy  loaded  to  capacity  in  amperes. 

The  steps  which  might  be  taken  to  remedy  this  unde- 
sirable condition,  in  my  opinion,  are  as  follows : 

1.  The  development  by  the  manufacturers  of  some  static 
condenser  which  could  be  purchased  at  a  reasonable  cost 
and  installed  at  each  oil  well  motor.  So  far  the  manufac- 
turers have  not  produced  such  a  piece  of  apparatus,  and  the 
price  of  a  static  condenser  of  this  kind  would  probably  be 
prohibitive. 

2.  The  installation  of  a  synchronous  condenser  which 
would  not  require  constant  substation  attendance,  operating 
automatically,  changing  its  characteristics  as  the  power  fac- 
tor or  other  conditions  of  the  load  varied,  this  automatic 
unit  to  be  installed  as  near  the  center  of  the  load  as  possible. 
Such  a  unit,  I  understand,  is  in  operation  at  Hazel  Green, 
Wisconsin.  (See  report  of  Sub-Committee  on  Power  Fac- 
tor Correction.) 

3.  The  use  of  a  constant  speed  squirrel  cage  motor  to 
be  used  for  pumping  purposes,  and  a  variable  speed  double 
rated  motor  to  be  used  only  for  such  other  well  operations 
as  require  a  higher  horse  power.  This  suggestion  would  im- 
mediately meet  with  opposition  from  the  oil  well  operators, 
owing  to  the  loss  of  time  in  changing  belts  and  connecting 
to  either  one  of  the  two  motors. 

4.  Development  by  the  manufacturers  of  a  new  motor 
having  better  inherent  characteristics.  In  all  probability  the 
motors  as  they  are  at  present  designed  cannot  be  changed  to 
improve  the  efficiency  or  power  factor  without  a  very  large 
increase  in  the  cost  of  the  motor. 

We  have  some  900  oil  well  motors  on  our  system  and 
their  number  will  increase  from  year  to  year,  as  the  oil  well 
operators  are  very  much  in  favor  of  electrification  both  from 
the  standpoint  of  economy  and  of  continuity  of  service.  As 
the  price  of  oil  increases  the  use  of  electric  motors  will  be- 
come more  desirable. 
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NEW   APPLICATIONS    OP    ELECTRICAL    EQUIPMENT    IN 
THE  MINING  PIELD  DURING  THE  LAST  TWO  YEARS 

'Notwithstanding  the  fact  that  new  developments  in  the  min- 
ing field  have  been  greatly  curtailed  during  the  last  two  years  on 
account  of  the  necessity  for  maximum  production  with  existing 
equipment,  a  number  of  new  applications  of  standard  apparatus 
and  a  few  applications  of  special  apparatus  have  been  placed  in 
operation.  These  applications  are  of  particular  interest  to 
power  companies,  in  that  they  not  only  provide  a  means  of  in- 
creasing the  load  on  central  station  systems,  but  in  many  cases 
improve  both  the  load  factor  and  power  factor  conditions. 

The  general  electrification  of  both  coal  and  metal  mines  has 
been  particularly  active  during  the  last  two  years  and  a  great 
many  mines  have  completely  changed  over  their  installation  from 
steam  to  electric  operation.  In  most  cases  this  change  has  caused 
the  shut-down  of  isolated  steam  plants  and  the  purchase  of  power 
from  central  stations.  This  is  particularly  true  regarding  the 
bituminous  and  anthracite  regions.  For  a  long  time  it  was  diffi- 
cult to  persuade  the  coal  operator  that  he  could  purchase  power 
cheaper  than  he  could  make  it  himself,  and  could  effect  any  par- 
ticular saving  by  electrification.  This  difficulty  no  longer  exists, 
and  the  only  doubts  which  the  coal  operator  has  are  the  reliability 
of  the  central  station  power  and  the  cost,  which  has  been  greatly 
increased  in  some  cases  during  the  war  period.  In  most  cases 
the  electrification  of  a  mine  consists  in  applying  standard  appa- 
ratus to  replace  existing  steam  equipment. 

Some  large  direct  current  hoisting  equipments  have  been 
installed,  particularly  in  the  Middle  West  Coal  Field,  as  shown  in 
Table  VI. 

There  have  also  been  installed  a  number  of  alternating  cur- 
rent hoists  with  wound  rotor  inductor  motors  which  constitute 
a  fairly  desirable  load  where  the  power  system  has -a  large 
capacity. 

The  installation  of  electric  pumping  in  mines  has  produced 
a  very  desirable  load  for  the  central  stations,  in  that  most  of  the 
pumping  can  be  done  at  night  during  the  off-peak  period,  which 
greatly  increases  the  load  factor  on  the  power  system.  A  mine 
pump  equipment  of  exceptional  capacity  is  being  constructed  for 
South  Africa.  This  consists  of  four  units  for  installation  under- 
ground, each  comprising  centrifugal  pump  in  two  sections  driven 
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by  direct-connected  1750-h.p.  1500  rev.  per  min.,  2000-volt  slip 
ring  induction  motor,  a  section  of  pump  on  either  side  of  mo- 
tor. Each  unit  has  capacity  of  1200  gal.  of  water  per  minute 
against  total  head  of  2600  ft.  Entire  equipment  pumps  approxi- 
mately 7,000,000  gal.  of  water  per  twenty-four-hour  day. 

A  great  many  mines  with  isolated  plants  are  having  difficulty 
due  to  the  increasing  distance  from  the  power  plant  to  the  work- 
ing face.  This  is  a  difficult  matter  to  take  care  of  with  an  iso- 
lated plant,  but  the  problem  is  comparatively  easy  where  central 
station  power  is  purchased,  due  to  the  fact  that  substations  can  be 
installed  at  the  best  possible  location  to  give  good  distribution  to 
the  point  where  power  is  being  used.  Increase  in  capacity  and 
new  equipment  can  be  installed  in  much  less  time  and  at  a  very 
much  less  expense  with  central  station  power  than  with  an  iso- 
lated plant. 

There  have  been  a  few  installations  of  electric  shovels  and 
electric  drag  lines  which  until  recently  have  been  entirely  steam 
operated.  The  success  of  these  electrifications  is  such  that 
there  should  be  many  installations  of  this  type  during  the  next 


Fig.  69— Vandalia  Coal  Co.,  Mine  No.  16 

800  Up.  Direct  Current  Geared  Hoist  Motor  Driven  from  Synchronous 

Motor  Generator  Set,  Ward-Leonard  Control 
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few  years.  It  may  be  interesting  to  note  that  the  new  canal  for 
the  j>ower  system  being  installed  by  the  Hydro-Electric  Commis- 
sion of  Canada  at  Niagara  Falls  is  being  excavated  entirely  by 
electric  shovels. 

The  storage  battery  locomotive  is  becoming  very  popular  and 
a  large  number  have  been  installed  during  the  last  two  years. 
This  locomotive  is  of  particular  interest  to  the  central  station  in 
that  in  most  cases  power  is  purchased  and  charging  is  done  on 
the  central  station's  off-peak  period.     (See  Fig.  69.)    - 

A  40-ton  surface  haulage  electric  locomotive  has  been  placed 
in  service — the  heaviest  of  its  gauge  and  height  constructed  to 
date.  Dimensions  were  restricted  by  low,  narrow  tunnel  to  9 
ft.  in  height  over  cab,  and  6  ft.  1  in.  in  width ;  length  is  31  ft. 


Fig.  70 — Storage  Battery  Locomotive 
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8  in.    At  20  per  cent  tractive  effort  (16,000  lbs.)»  speed  is  7 
miles  per  hour.    (Fig.  70.) 

As  indicated  in  table  of  recent  large  mine  hoist  installations, 
the  practice  is  to  use  fly  wheel  motor  generator  sets  to  smooth 
out  the  peaks  and  take  a  more  constant  demand  from  the  power 
lines.  It  is  also  advisable  for  the  mining  company,  where  power 
factor  penalties  are  in  effect,  to  consider  the  installation  of  syn- 
chronous motor  generator  sets,  for  deriving  power  for  direct 
current  locomotive  hauling,  with  sufficient  margin  in  the  syn- 
chronous motor  design  for  power  factor  correction. 

The  following  is  contributed  by  a  member  company: 
"Interconnection  of  transmission  lines  of  power  companies 
supplying  mine  load  principally,  with  companies  supplying  city 
lighting  and  power  load,  might  often  be  advisable  wherever  prac- 
ticable, since  the  peaks  of  the  two  classes  of  business  come  at  dif- 
ferent periods.  The  peak  of  the  mining  load  occurs  between  the 
hours  of  7.30  A.  M.  and  4.00  P.  M.,  whereas  the  majority  of  city 
lighting  peaks  oc^ur  after  4.00  P.  M." 

Sub-Committee, 

A  S  MacDowell,  Chairman 
H  W  Eales 
L  L  Elden 


Respectfully  submitted, 

R  F  ScHUCHARDT„  Chairman 

H  Carl  Albrecht  A  S  MacDowell 

R  E  Burger  A  A  Meyer 

H  W  Eales  J  F  Neild 

L  L  Elden  G  E  Quinan 

H    L  FULLERTON  E   A   QUINN 

S  B  Irelan  F  E  Ricketts 

L  M  Klauber  H  H  Rudd 

G  L  Knight  N  Stahl 

A  H  Lawton  M  O  Troy 

S   J    LiSBERGER  H    L  WaLLAU 

W  K  Vanderpoel 
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TRANSFORMER  STANDARDS 

TYPBSy  FREQUBNC3BS»  SIZBS,  VOLTAGE  RATINGS,  TAPS,  LEAD  MARK- 
INGS, POLARITY 

CONSTANT  POTENTLU.  TRANSFORMERS 
STANDARD  TYPES,  FREQUENCIES,  SIZES,  VOLTAGE  RATINGS  AND  TAPS 

The  Electrical  Apparatus  Committee  in  its  1917  Report  to 
the  Association  made  preliminary  recommendations  covering 
standards  for  various  classes  of  transformers.  In  its  1918  Re- 
port, the  Committee  reviewed  and  revised  these  preliminary 
recommendations  in  order  to  make  this  report  more  complete 
and  to  bring  it  up  to  date,  using  as  a  basis  suggested  modifica- 
tions submitted  by  operating  and  manufacturing  companies. 
The  Committee  has  since  received  further  constructive  criticism, 
also  suggestions  for  extension  of  the  Transformer  Standards 
and  takes  this  opportimity  in  rewriting  the  recommendations 
to  include  such  modifications  as  seem  warranted. 

Based  upon  comments  received,  the  Committee  believes 
that  the  transformer  standards  detailed  in  subsequent  para- 
graphs will  be  acceptable  both  to  operating  companies  as  meeting 
the  usual. operating  requirements  and  to  manufacturing  compan- 
ies as  containing  as  much  flexibility  as  seems  generally  necessary. 

The  Standards  recommended  are  intended  to  represent  the 
ideal  toward  which  operating  companies  should  work  in  design- 
ing new  power  systems  and  in  making  additions  to,  or  gradual 
changes  in,  existing  systems. 

The  recommendations  are  broad  in  scope  and  should  meet 
the  needs  of  a  large  majority  of  operating  companies.  It  is 
appreciated,  however,  that  there  are  systems  whose  transformer 
requirements  would  not  be  fulfilled  by  the  Standards  recom- 
mended and  it  is  not  the  intention  that  such  systems  shall  be  in 
any  way  limited  to  them. 

It  is  particularly  important  to  note  that  the  general  adoption 
of  these  standards  will  ultimately  result  in  material  benefit  to 
users  of  transformers,  both  Standard  and  Special,  through  re- 
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duction  in  prices,  improvement  in  deliveries  and  elimination  of 
many  varieties  of  stock  which  had  to  be  maintained  by  manufac- 
tuters  under  past  conditions. 

GENERAL  GROUPS  AND  CLASSES 

The  first  important  point  to  adjust  in  this  standardization 
is  the  general  division  of  all  transformers  into  groups  and  classes 
according  to  their  accepted  use  and  application. 

All  transformers  are  divided  into  two  groups  as  follows : 

Diagram  Showing  the  Relative  Location  of  the  Several  Classes  of 
Transformers  on  a  System 
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Power  Transformers,  to  include  all  transformers  in  sizes 
above  200  kv-a. 

Distribution  Transformers,  to  include  all  transformers  200 
kv-a.  and  below. 

Figure  1  illustrates  the  relative  location  of  these  groups  on  a 
system. 

Figure  2  shows  the  separation  of  these  groups  into  classes 
A,  B  and  C  and  into  various  subdivisions. 

CLASS  A  OR  GENERATING  STATION  TRANSFORMERS  . 

No  definite  standard  voltage  ratings  have  as  yet  been  estab- 
lished for  this  class.  For  the  present  Generating  Station  Trans- 
formers should  be  considered  as  part  of  the  generating  appara- 
tus. All  requirements  which  would  tend  to  complicate  the  design 
of  such  units  and  which  are  not  essential  from  an  operating  stand- 
point should  be  eliminated. 

CLASS  B  OR  SUBSTATION  TRANSFORMERS 

Class  B  or  Substation  Transformers  as  will  be  noted  from 
Fig.  2  are  for  convenience  in  standardization,  segr^ated  as  fol- 
lows: 

Substation  Transformers  for  Lighting  and  Power  Service. 
Substation  Transformers  for  Special  Service. 

The  first  of  these  subdivisions  covers  transformers  for  sup- 
plying the  usual  lighting  and  power  demands  and  the  latter 
covers  transformers  whose  ratings  and  characteristics  are  very 
definitely  established  by  the  requirements  of  the  specific  devices 
to  be  served.    The  subdivisions  will  be  treated  separately. 

Substation  Transformers  for  Lighting  and  Power  Service : 

Tables  I  and  II,  for  single  and  three  phase  transformers 
respectively,  summarize  in  all  essential  details,  the  standard  t3rpes, 
frequencies,  kv-a.  sizes,  voltage  ratings  and  taps  recommended 
for  substation,  or  step-down  transformers  in  sizes  above  200  kv-a. 
for  supplying  lighting  and  power  service. 

The  following  comments  should  be  noted  on  the  standards 
established  for  this  class  of  transformers: 

1.  Excepting  in  cases  where  transformer  capacity  is  selected 
for  operating  a  specific  device,  experience  has  shown  that  the 
usual  practice  followed  in  selecting  transformer  sizes  is  to  con- 
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sider  the  three  phase  or  bank  capacity  of  the  installation,  rather 
than  the  capacity  of  the  single  phase  units.  In  the  standard  sizes 
recommended,  therefore,  sizes  of  three  phase  units  are  on  this 
basis ;  the  sizes  of  the  single  phase  units  constituting  the  bank  are 
one-third  the  bank  capacity.  The  increments  between  the  vari- 
ous sizes  standardized  are  made  fairly  uniform  and  so  small 
that  ultimate  benefit  will  result  both  to  the  operator  and  to  the 
manufacturer  if  these  standard  sizes  are  maintained ;  particularly 
'when  it  is  considered  that  the  selection  of  transformer  capacity 
is  usually  based  on  a  number  of  factors  all  of  which  are  not 
accurately  determinable,  such  as  aggregate  present  connected 
load,  power  factor,  load  factor  and  estimated  additional  load 
expected  to  materialize  within  a  reasonable  time. 

2.  The  double  voltage  rating  has  been  standardized  for  sub- 
station transformers  for  supplying  service  voltages  of  600  and 
below;  the  single  voltage  rating  for  substation  transformers  for 
supplying  distribution  voltages  above  600,  as  the  operating  con- 
ditions to  which  these  transformers  are  subjected  seem  to  indicate 
the  desirability  of  showing  by  the  rating  greater  flexibility  in 
design  for  supplying  service  voltages  than  those  for  supplying 
distribution  voltages. 

No  definite  standard  transformer  voltage  ratings  have  yet 
been  established  for  operation  from  standard  system  voltages 
above  the  33,000  volt  class. 

The  following  system  voltages  above  the  33,000  volt  class 
have  been  suggested  for  standardization,  and  definite  action  on 
this  suggestion  will  be  taken  as  soon  as  comments  from  operators 
are  received: 
44,000,  66,000,  88,000,  110,000,  132,000,  154,000  and  220,000 

The  voltage  rating  of  single  phase  transformers  for  three 
phase  operation  should  indicate  the  external  connection  for  which 
the  transformers  are  designed.  For  example:  22000  if  for  delta 
connection  on  a  22000  volt  system  or  12700/22000Y  if  both  for 
delta  connection  on  a  12700  volt  system  and  Y  connection  on  a 
22000  volt  system. 

The  voltage  rating  of  three  phase  transformers  should  indi- 
cate the  internal  connection  for  which  the  transformers  are  de- 
signed. For  example :  22000Y  if  connected  in  Y  for  operation  on 
a  22000  volt  system,  22000  without  further  designation  if  con- 
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nected  in  delta  for  operation  on  a  22000  volt  system  or  12700/- 
22000Y  if  both  for  delta  connection  for  operation  on  a  12700  volt 
system  and  for  Y  connection  for  operation  on  a  22000  volt  system, 
Series  multiple  connections  on  the  low  voltage  side  of  sub- 
station transformers  involving  more  than  two  voltages  should  be 
avoided  where  possible. 

3.  Substation  Transformers  may,  in  many  cases,  require 
taps  to  compensate  for  transformer  and  line  drops. 

As  transformers  with  taps  are  more  difficult  to  construct 
than  those  without  taps  on  account  of  the  difficulty  in  properly 
insulating  the  tap  connections,  it  is  recommended  that  all  pur- 
chasers of  transformers  limit  the  number  of  taps  to  the  lowest 
possible  minimum,  obtaining  thereby  transformers  with  safer 
operating  characteristics.  It  is  recommended  that  on  single  phase 
transformers  provision  be  made  in  the  high  voltage  winding  for 
10  per  cent  reduction  in  voltage  by  means  of  taps  to  give  four 
equal  steps  of  approximately  2i^  per  cent  each;  and  on  three 
phase  transformers  that  provision  be  made  in  the  high  voltage 
winding  for  10  per  cent  reduction  in  voltage  by  means  of  taps 
to  give  two  equal  steps  of  approximately  5  per  cent  each:  further 
that  the  designs  be  capable  of  giving  rated  kv-a.  output  at  any 
standard  tap  voltage  without  exceeding  a  temperature  rise  of  55 
deg.  cent.,  measured  in  accordance  with  the  A.I.E.E.  Standards. 
The  Committee  recognizes  the  practicability  of  obtaining  10  per 
cent  variation  in  approximately  2j^  per  cent  steps  by  the  use  of 
three  taps  in  the  high  voltage  winding. 

4.  Outdoor  construction  is  standardized  for  all  single  and 
three  phase  self-cooled  power  transformers  of  standard  ratings 
for  lighting  and  power  service. 

Indoor  construction  is  standardized  for  all  single  and  three 
phase  water-cooled  and  air  blast  power  transformers. 

This  recommendation  covering  outdoor  construction  for 
self-cooled  transformers  for  lighting  and  power  service  specifi- 
cally excludes  transformers  for  special  service  as  those  for  oper- 
ating synchronous  converters,  electric  furnaces,  etc.  Such  trans- 
formers are  generally  installed  indoors  and  usually  have  very 
heavy  low  voltage  currents  making  outdoor  construction  difficult 
to  obtain  and  a  relatively  expensive  feature. 
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CLASS  C  OR  DISTRIBUTION  TRANSFORMERS 

Class  C,or  Distribution  Transformers,  as  will  be  noted  from 
Fig.  2,  are  for  convenience  in  standardization,  segregated,  as  fol- 
lows : 

Distribution  Transformers  for  Lighting  and  Power 
Service. 

Distribution  Transformers  for  Special  Service. 

The  first  of  these  subdivisions  covers  transformers  for  sup- 
plying the  usual  lighting  and  power  demands ;  the  latter  covers 
transformers  whose  ratings  and  characteristics  are  very  definitely 
established  by  the  requirements  of  the  specific  devices  to  be 
served.    The  subdivisions  will  be  treated  separately. 

Distribution  Transformers  for  Lighting  and  Power 
Service : 

Tables  III  and  IV,  for  single  and  three  phase  transformers 
respectively,  summarize  in  all  essential  details  the  standard  types, 
frequencies,  kv-a.  sizes,  voltage  ratings  and  taps  recommended 
for  distribution  transformers  in  sizes  200  kv-a.  and  below  for 
supplying  lighting  and  power  service. 

The  following  comments  should  be  noted  on  the  standards 
established  fpr  this  class  of  transformers. 

1.  The  standard  sizes  of  three-phase  transformers  listed  in 
fable  IV  are  based  on  the  largest  present  demand  by  operating 
companies.  Another  recognized  line  wherein  the  three-phase 
sizes  are  generally  three  times  the  standard  single  phase  ca- 
pacities is  given  in  a  footnote  to  the  table. 

The  Committee  will  be  guided  by  the  comments  of  engi- 
neers of  operating  companies  in  recommending  final  standard 
sizes  for  3-phase  distribution  transformers. 

2.  The  double  and  triple  voltage  ratings  have  been  stand- 
ardized for  distribution  transformers  for  supplying  service 
voltages  of  600  and  below;  the  single  voltage  rating  for  dis- 
tribution transformers  for  supplying  distribution  voltages  above 
600,  for  the  r«ison  that  the  operating  conditions  to  which  these 
transformers  are  subjected  and  quantity  production  by  manu- 
facturers of  transformers  for  supplying  service  voltages,  indicate 
the  desirability  of  showing  by  the  rating  greater  flexibility  in 


Digitized  by 


Google 


397 

design  for  supplying  service  voltages  than  those  for  supplying 
distribution   voltages. 

No  definite  standard  transformer  voltage  ratings  have  yet 
been  established  for  operation  from  standard  system  voltages 
above  the  33,000  volt  class. 

The  following  system  voltages  above  the  33,000  volt  class 
have  been  suggested  for  standardization,  and  definite  action  on 
this  suggestion  will  be  taken  as  soon  as  comments  from  opera- 
tors arfe  received. 
44,000,  66,000,  88,000,  110,000,  132,000,   154,000  and  220,000 

The  voltage  rating  of  single  phase  transformers  for  three 
phase  operation  should  indicate  the  external  connection  for  which 
the  transformers  are  designed.  For  example:  22000  if  for  delta 
connection  on  a  22000  volt  system  or  12700/22000Y  if  both  for 
delta  connection  on  a  12700  volt  system  and  Y  connection  on  a 
22000  volt  system. 

The  voltage  rating  of  three  phase  transformers  should  indi- 
cate the  internal  connection  for  which  the  transformers  are  de- 
signed. For  example :  22000Y  if  connected  in  Y  for  operation 
on  a  22000  volt  system,  22000  without  further  designation  if 
connected  in  delta  for  operation  on  a  22000  volt  system  or 
12700/22000Y  if  both  for  delta  connection  for  operation  on  a 
12700  volt  system  and  for  Y  connection  for  operation  on  a 
22000  volt  system. 

On  the  2200  and  2400  volt  single  phase  distribution  trans- 
formers heretofore  rated  1100/2200  and  1200/2400  volts  the 
1100  and  1200  volt  ratings  are  rarely  used  at  the  present  time. 
They  are  therefore  omitted  from  the  standardized  ratings. 

It  is  recommended  that  a  triple  voltage  rating  be  adopted 
as  standard  for  single  phase  distribution  transformers  of  the 
2300  volt  class  to  replace  the  two  lines  heretofore  manufactured, 
i.e.: 


One  line 


2200  to  110/220 
2300  to  115/230 
2400  to  120/240  J 


in  place 
of  two  lines 


'2200  to  110/220 

and 
.2400  to  120/240 


This  change  facilitates  delivery,  reduces  stocks  and  increases 
interchangeability. 

Series  multiple  connections  in  the  low  voltage  winding  of 
distribution  transformers  of  more  than  one  combination  are  par- 
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ticularly  undesirable  from  the  standpoint  of  best  transformer 
design  and  construction  and  are  confined  to  combinations  such 
as  115/230  or  230/460  volts  and  not  such  as  115/230/460  volts. 
Since  regulation  taps  are  recommended  for  standard  distri- 
bution transformers  of  the  6600  volt  class  or  for  higher  volt- 
ages, series-multiple  connections  on  the  high  voltage  side  of 
such  transformers  are  omitted  because  of  added  design  compli- 
cations that  would  result  from  these  combined  features. 

Several  large  systems  using  single  phase  distribution  trans- 
formers of  the  2300  volt  class  and  of  a  9:1  ratio  find  it  imprac- 
ticable to  change  to  a  10:1  ratio,  and  it  is  therefore  recognized 
that  the  production  of  transformers  of  9:1  ratio  cannot  be  aban- 
doned. In  new  developments,  however,  it  is  recommended  that 
the  ratio  shown  in  the  table  of  standards  be  adopted. 

3.  Taps  on  distribution  transformers  wound  for  voltages 
below  the  6600  volt  class  should  not  be  necessary  in  good  central 
station  practice,  as  potential  regulators  are  generally  used  to 
compensate  for  variations  in  voltage. 

Transformers  of  the  6600  volt  class  or  for  higher  voltages 
are  generally  used  on  systems  serving  a  wide  territory  and  imder 
conditions  usually  requiring  taps  to  deliver  proper  voltage  at  the 
customer's  service. 

Therefore,  standard  single  phase  transformers  of  the  6600 
volt  class  or  for  higher  voltages  will  be  provided  with  taps  in 
the  high  voltage  winding  for  approximately  5  and  10  per  cent 
voltage  variation  and  standard  three  phase  transformers  of  the 
6600  volt  class  or  for  higher  voltages  will  be  provided  with  taps 
in  the  high  voltage  winding  for  appr6ximately  10  per  cent  volt- 
age variation — exception  to  this  rule  being  made  only  in  the  case 
of  single  phase  transformers  of  the  6600  volt  class  for  supplying 
service  voltages  of  600  and  below  where  present  established  prac- 
tice necessitates  the  standardization  of  the  following  taps  for 
such  transformers. 

6300/6000/5700  based  on  6600  to  110/220  or  to  220/440 

or  to  550  volt  operation, 
6585/6275/5960  based  on  6900  to  115/230  or  to  230/460 

or  to  575  volt  operation, 

6875/6545/6220  based  on  7200  to  120/240  or  to  240/480 

or  to  600  volt  operation. 
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If  is  recommended  that  no  taps  be  specified  in  the  low  volt- 
age winding  of  distribution  transformers: 

lilasmuch  as  taps  in  three  phase  transformers  multiply  com- 
plications by  three  as  compared  with  single  phase  transformers, 
imusual  care  should  be  exercised  in  specifying  the  minimum 
number  of  taps  on  three  phase  transformers. 

4.  Outdoor  construction  is  standardized  for  all  single  and 
three  phase  distribution  transformers  of  standard  ratings  for 
lighting  and  power  service. 

This  recommendation  specifically  excludes  transformers  for 
special  service  such  as  those  for  operating  synchronous  con- 
verters, electric  furnaces,  etc.  Such  transformers  are  generally 
installed  indoors  and  usually  have  very  heavy  low  voltage  cur- 
rents making  outdoor  construction  difficult  to  obtain  and  a  rela- 
tively expensive  feature. 

CLASS  B  OR  SUBSTATION  AND  CLASS  C  OR  DISTRIBU- 
TION TRANSFORMERS  FOR  SPECIAL  SERVICE 

Under  this  heading  have  been  classified  transformers  whose 
ratings  and  characteristics  are  very  definitely  established  by  the 
requirements  of  the  specific  devices  to  be  served. 

Although  standards  have  been  individually  established  by 
various  manufacturers  and  a  number  of  operating  companies 
have  certain  requirements  which  must  be  fulfilled  by  transform- 
ers for  operating  synchronous  converters,  electric  furnaces,  etc., 
the  Electrical  Apparatus  Committee  has  not  yet  attempted  to 
harmonize  these  requirements  and  establish  definite  standards 
which  would  fulfill  the  majority  of  existing  conditions. 

BASIS  OF  PERFORMANCE  GUARANTEES 

The  following  recommendations  covering  performance  guar- 
antees apply  to  all  standard  transformers : 

All  guarantees  covering  characteristics  and  tests  shall  con- 
form to  the  A.  I.  E.  E.  Standardization  Rules. 

In  the  case  of  transformers  having  a  single  voltage  rating 
and  provided  with  taps,  the  maximum  rated  voltage  shall  always 
be  considered  the  normal  voltage  rating.  In  the  case  of  trans- 
formers having  a  double  or  triple  voltage  rating,  the  rating  ap- 
pearing in  bold   type   shall   be  considered  the  normal   voltage 
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rating.  Performance  guarantees  on  such  transformers  shall  be 
based  on  normal  voltage  rating  and  full  winding — exception  to 
this  general  rule  being  made  only  in  the  case  of  temperature 
guarantees  and  insulation  test  guarantees. 

Temperature  limits  established  by  the  A.  I.  E.  E.  shall  not 
be  exceeded  on  substation  or  distribution  transformers  for  light- 
ing and  power  service,  irrespective  of  whether  they  arc  excited 
on  full  winding  or,  for  transformers  with  taps,  on  any  standard 
tap  of  10  per  cent  or  less  range — ^provided  that  for  transformers 
having  a  single  voltage  rating  the  rated  low  voltage  is  delivered 
at  the  transformer  terminals  and  for  transformers  with  double 
or  triple  voltage  rating  the  voltage  delivered  at  the  transformer 
terminals  does  not  exceed  the  maximum  low  voltage  rating  and 
is  not  lower  than  the  minimum  low  voltage  rating. 

Insulation  test  guarantees  shall,  in  the  case  of  transformers 
havingf  a  single  voltage  rating,  be  based  on  5  per  cent  above  the 
rated  voltage,  and  in  the  case  of  transformers  having  double  or 
triple  voltage  ratings,  be  based  on  the  maximum  rated  voltage. 
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RULES  FOR  TRANSFORMER  LEAD  MARKINGS 

(These  rules  do  not  apply  to  Auto  Transformers.) 

IN  AaX)ilDANC!B  WITH  THE  RECOMMENDATIONS  OP  THE  GENERAL 

CX>NPERENC!B  CSOMMriTEE  ON  TECHNICAL  SUBJECTS — 

FBBRUARYt    1918.     EXTENDED   TO    INCLUDE 

SUBSEQUENT   MODIFICATIONS 

The  General  Conference  Conunittee  on  Technical  Subjects 
represented  the  following  associations : 
American  Institute  of  Electrical  Engineers. 
National  Electric  Light  Association. 
The  Electric  Power  Club. 
Association  of  Edison  Illuminating  Companies. 

General 

1.  Scope. 

These  rules  specify  the  markings  of  leads  brought  out  of  the 
case  but  not  the  markings  of  winding  terminals  inside  of 
the  case,  except  that  these  terminals  shall  be  marked  with 
numbers  in  any  manner  that  will  permit  of  convenient  ref- 
erence and  that  cannot  be  confused  with  the  markings  of  the 
leads  brought  out  of  the  case. 

Note. — It  is  recognized  that  special  cases  will  arise  from 
time  to  time  that  these  rules  will  not  cover  and 
that  it  would  be  very  difficult  to  cover  by  any  set 
of  general  rules. 

2.  Markings  of  Leads. 

(a)  In  General.  The  leads  shall  be  distinguished  from  one 
another  by  marking  each  lead  with  a  capital  letter 
followed  by  a  number.  The  letters  to  be  used  are : 
H  for  high  voltage  leads,  X  for  low  voltage  leads 
and  Y  for  tertiary  winding  leads.  The  numbers 
to  be  used  are  1,  2,  3,  etc. 
Note. — ^By  "tertiary  winding"  is  meant  a  third  winding 
that,  compared  with  both  of  the  other  two  wind- 
ings, has  smaller  kv-a.  rating  than  either  or,  if  the 
kv-a.  rating  is  the  same  as  one  or  both  of  the  other 
two,  has  lower  voltage. 
E.g.,  if  a  transformer  has  three  separate  windings, 
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one  for  1000  kv-a.,  33000  volts ;  one  for  600  kv-a., 
550  volts;  and  one  for  400  kv-a.  6600  volts,  the 
400  kv-a.  winding  is  the  tertiary  winding. 
Or,  if  a  transformer  has  three  separate  windings 
each  with  a  capacity  of  1000  kv-a.  and  with  volt- 
ages of  33000,  6600  and  550  respectively,  the  550 
volt  winding  is  the  tertiary  winding. 
According  to  this  definition   neither  one  of   two 
similar  windings  arranged  for  series-parallel  con- 
nection is  to  be  classed  as  a  tertiary  winding. 
(&)  A  neutral  lead  shall  be  marked  with  the  proper  letter 
followed  by  O,  e,g,,  HO,  XO. 
Exception. — A  lead  brought  out  from  the  middle  of  a 
winding  for  some  other  use  than  that  of  neutral 
lead,  e,g.,  2l  50  per  cent  starting  tap,  shall  be  marked 
as  a  tap  lead. 

3.  DiagranlfnaHc  Sketch  of  Connections, 

The  manufacturer  shall  furtiish  with  each  transformer  a 
complete  diagrammatic  sketch  showing  the  leads  and  internal 
connections  and  their  markings  and  the  voltages  obtainable 
with  the  various  coimections. 

This  sketch  should  preferably  be  on  a  metjrl  plate  attached 
to  the  transformer  case. 

SINGLE  PHASE  TRANSFORMERS 

4.  Order  of  Numbering  Leads  in  any  Winding, 

The  leads  of  any  winding,  (high  voltage,, low  voltage  or  ter- 
tiary) brought  out  of  case  shall  be  numbered  1,  2,  3,  4,  5, 
etc.,  the  lowest  and  highest  numbers  marking  the  full  wind- 
ing and  the  intermediate  numbers  marking  fractions  of 
winding  or  taps.  All  numbers  shall  be  so  applied  that  the 
potential  difference  from  any  lead  having  a  lower  number 
toward  any  lead  having  a  higher  number  shall  have  the  same 
.  sign  at  any  instant. 

If  a  winding  is  divided  into  two  or  more  parts  for  series 

.  parallel  connections,  and  the  leads  of  these  parts  are  brought 

out  of  case,  the  above  rule;,  shall  apply  for  the  series  con- 

joectipn  with  the  addition  that  the  leads,  of  each  portion  ot 
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Tkamsfokher  Lead  Markings  Single  Phase  Tkansfobmers 


^ 


Ml/ft      US  HA 


X/Xt       XiX4- 


\ 


X4'X3      x^x/ 


Hi  ^2       MHJI- 


X6XSX9X4^XZXI 


//^.6 


NOTE:— The    above    flgures    illustrate    the    application    of    the    ruieft    on    lead 
markings  -to  transformers  having  subtractlve  and  additive  polarity 

winding  shall  be  given  consecutive  numbers.     (Figs.  5  and 
6.) 
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5.  Relation  of  Order  of  Numbering  Leads  of  Different  Wind- 

ings. 
The  numbering  of  the  high  voltage  and  low  voltage  leads 
shall  be  so  applied  that  when  Hj  and  X^  are  connected  togeth- 
er and  voltage  applied  to  the  transformer,  the  voltage  be- 
tween the  highest  numbered  H  lead  and  the  highest  numbered 
X  lead  shall  be  less  than  the  voltage  of  the  full  high  voltage 
winding. 

The  same  relation  shall  apply  between  high  voltage  and  ter- 
tiary and  low  voltage  and  tertiary  winding. 

6.  Polarity. 

When  leads  are  marked  in  accordance  with  the  above  rules, 
the  polarity  of  a  transformer  is 

Subtractive  when  H^  and  Xj  are  adjacent  (Figs.  1,  3 

and  5). 
Additive  when  Hj  is  diagonally  located  with  respect  to 
Xj  (Figs.  2,  4  and  6). 

7.  Location  of  H^  Lead. 

To  simplify  the  work  of  connecting  transformers  in  parallel 
it  is  recommended  that  the  Hj  lead  shall  be  brought  out  on 
the  right  hand  side  of  the  case,  facing  high  voltage  side  of 
the  case. 

8.  Parallel  Operation. 

Transformers  having  leads  marked  in  accordance  with  these 
rules  may  be  operated  in  parallel  by  connecting  similarly 
marked  leads  together,  provided  their  ratios,  voltages,  re- 
sistances and  reactances  are  such  as  to  permit  parallel  opera- 
tion. In  some  cases  design  may  be  such  as  to  permit  parallel 
operation,  although  due  to  the  difference  in  the  number  of 
tap  leads,  the  leads  to  be  connected  together  may  not  have 
the  same  number. 

THREE  PHASE  TRANSFORMERS 

9.  Marking  of  Full  Winding  Leads. 

The  (3)  high  voltage  leads  and  the  (3)  low  voltage  leads 
which  connect  to  the  full  phase  windings,  shall  be  marked 
Hj,  Hj,  Hg,  and  X^,  Xg,  X,.  The  full  phase  winding  of  a 
tertiary  winding  shall  be  marked  Yi.  Yj,  Yj. 
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10.  Relation  between  High  and  Low  Voltage  Windings. 

(a)  The  markings  shall  be  so  applied  that  if  the  phase 
sequence  of  voltage  on  the  high  voltage  side  is  in 
the  time  order  Hi,  H,,  H,  it  is  in  the  time  order  of 
Xj,  X2»  X,  on  the  low  voltage  side  and  Y^,  Y^,  Y, 
for  a  tertiary  winding. 

(&)  Angular  Displacement. 

In  order  that  the  markings  of  lead  connections  be- 
tween phases  shall  indicate  definite  phase  relations, 
they  shall  be  made  in  accordance  with  one  of  the 
three-phase  groups  shown  in  Figs.  7  to  14  inclu- 
sive. The  angular  displacement  between  the  high 
voltage  and  low  voltage  windings  is  the  angle  in 
each  of  the  voltage  vector  diagrams  (Figs.  7-14 
inclusive)  between  the  lines  passing  from  its  neu- 
tral point  through  HI  and  XI  respectively. 
Any  three  phase  transformer  having  a  delta  Y 
connection  may  be  represented  by  voltage  vector 
diagram  either  in  accordance  with  Fig.  11  or  Fig. 

13.  Any  three  phase  transformer  having  Y  delta 
connection  may  be  represented  by  voltage  vector 
(^agram  either  in  accordance  with  Fig.  12  or  Fig. 

14.  Since  these  voltage  vector  diagrams  are  equiva- 
lent, it  is  recommended  that  the  terminal  markings 
for  three  phase  transformers  having  delta  Y  con- 
nection be  always  made  in  accordance  with  Fig.  11 
and  that  the  terminal  markings  for  three  phase 
transformers  having  Y  delta  connection  be  always 
made  in  accordance  with  Fig.  12. 

11.  Tap  Leads. 

(a)  Where  tap  leads  are  brought  out  of  the  case  (neutral 

lead  excepted)  they  shall  be  marked  with  the  proper 
letter  followed  by  the  figures  4,  7,  etc.,  for  one 
phase,  5,  8,  etc.,  for  another  phase  and  6,  9,  etc., 
for  the  third  phase.     (See  Fig.  15.) 

(b)  Delta  Connection.    The  order  of  numbering  tap  leads 

shall  be  as  follows :  4,  7,  etc.,  from  lead  1  towards 
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lead  2 ;  5,  8,  etc.,  from  lead  2  towards  lead  3 ;  and 

6, 9,  etc.,  from  lead  3  towards  lead  1.  (See  Fig.  15.) 

(c)  Star  Comiection.    The  order  of  numbering  tap  leads 

shall  be  as  follows :  4,  7,  etc.,  from  lead  1  towards 

Tkansformer  Lead  Markings  and  Voltage  Vector  Diagrams  for  the 
Usual   Three   Phase   Transformer   Connections 


7?/^eff  Ph^£  TJ^ia^a^j^m^^s  h^rrHour  T^f^ 


/^z 


H3    Xj  VS 


/V2 


DA3PiL4cmyf»/r 


^  A3, 


A  V^ 


F^0  9 


A« 


3cf 


//J  H3  X3 


A 


A^3  HI    X3 

F/a/3 


V 


^« 


»i  Ml   X3 


W^ee  PH^se  T^^a/s^^j^a^o^a  ^/th  7?f^3. 


CJCOi/A^'3 

Aa/9LU.^/C 


N^  H€ 


F/QJS 


NOTE —The  above  firures  are  Included  to  lUustrated  the  ine|bod  of  markliw 
transformer  leade  that  are  brought  out  of  the  caee  and  art  not  InUnded  to 
*tandai*dize  connection*.   Vector  Dlacrama  or  PolaHty. 
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neutral;  5,  8,  etc.,  from  lead  2  towards  neutral; 
and  6,  9,  etc.,  from  lead  3  towards  neutral.  (See 
Fig.  15.) 

12.  Interphase  Connection  made  Outside  of  Case, 

Where  the  interphase  connections  are  made  outside  of  case, 
the  leads  will  be  marked  with  the  proper  letter  followed  by 
the  numbers  1,  4,  7,  10,  etc.,  for  one  phase;  2,  5,  8,  11,  etc., 
fpr  the  second  phase;  and  3,  6, 9,  12^  etc.,  for  the  third  phase. 
The  markings  shall  be  so  applied  that  when  a  star  connection 
is  made  by  joining  together  the  highest  numbered  leads  of 
each  phase,  all  rules  here  given,  excepting  rule  (2b)  apply. 

13.  Parallel  Operation. 

Transformers  having  leads  marked  in  accordance  with  these 
rules  may  be  operated  in  parallel  by  connecting  similarly 
marked  leads  together  provided  their  angular  displacements 
are  the  same  and  provided  also  their  ratios,  voltages,  resist- 
ances, and  reactances  are  such  as  to  permit  parallel  opera- 
tion. ^ 

Note.— In  some  cases  designs  may  be  such  as  to  permit 
'-  parallel  operation  although,  due  to  a  difference  in 

the  number  of  tap  leads,  the  leads  to  be  connected 

together  are  not  similarly  marked. 

14.  Location  of  Hi  Lead. 

To  simplify  the  work  of  connecting  transformers  in  parallel, 
it  is  recommended  that  the  HI  lead  shall  be  brought  out  on 
the  right  hand  side  of  the  case,  facing  the  high  voltage  side 
of  the  case. 

THREE  PHASE  TO  SIX  PHASE  TRANSFORMERS 

15.  Rules  for  Three  Phase  Transformers  that  are  Applicable, 
Rules  10b  and  12  shall  apply  to  three  phase  to  six  ph^se 
transformers.     Rules  9  and  11  shall  apply  to  three  phase 
windings  but  not  to  six  phase  windings. 

16.  Markings  of  Six  Phase  Leads, 

The  six  leads  which  connect  to  the  full  phase  windings  shall 
be  marked  XI,  X2,  X3,  X4,  X5,  X6.    (Figs.  16-19  incl.) 

17.  Relation  between  Three  Phase  and  Six  Phase  Windings, 
(a)  The  markings  shall  be  so  applied  that  if  the  phase  se- 
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quence  of  voltage  on  the  three  phase  side  is  in  the 
time  order  HI,  H2,  H3,  it  is  in  the  time  order  of 
XI,  X2,  X3,  X4,  X5,  X6  on  the  six  phase  side. 

TlANSFOKMEl   LeAD  MARKINGS  AND  VOLTAGB  VeCTOE   DlAGKAlCS  VOBL  THE 

Usual  Six  Phase  Tsanspcaicek  Connections 
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(6)  Angular  Displacement. 

In  order  that  the  markings  of  lead  connections  be- 
tween phases  shall  indicate  definite  phase  relations, 
they  shall  be  made  in  accordance  with  one  of  the 
four,  six  phase  groups  shown  in  Figs.  16  to  19 
inclusive.  The  angular  displacement  between  the 
high  voltage  and  low  voltage  winding^  is  the  angle 
in  each  of  the  voltage  vector  diagrams  from  its 
neutral  through  HI  and  XI  respectively. 

18.    Tap  Leads. 

Where  tap  leads  from  low  voltage  windings  are  brought  out 
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of  the  case  (neutral  lead  excepted),  they  shall  be  marked 
as  follows: 

(a)  Diametrical  Connection  tap  leads  shall  be  marked  from 

the  two  ends  of  each  phase  winding  towards  the 
middle  or  neutral  point  in  the  following  order: 
X7,  X13,  etc.,  from  XI  towards  neutral ;  X8,  X14, 
etc.,  from  X2  towards  neutral;  X9,  X15,  etc.,  from 
X3  towards  neutral ;  XIO,  X16,  etc.,  from  X4  to- 
wards neutral;  XI 1,  X17,  etc.,  from  X5  towards 
neutral;  X12,  X18,  etc.,  from  X6  towards  neutral. 
(See  Fig.  20.) 

A  tap  from  the  middle  point  of  any  phase  winding, 
not  intended  as  a  neutral,  shall  be  given  a  number 
determined  by  counting  from  XI,  X2  or  X3  and 
not  from  X4,  X5,  or  X6;  e.g.,  if  the  only  taps 
brought  out  are  50  per  cent  starting  taps,  they  shall 
be  numbered  X7,  X8  and  X9. 

(b)  Double  Delta  Connection.    Tap  leads  shall  be  marked 

in  the  following  order:  X7,  X13,  etc.,  from  XI 
towards  X3;  X8,  X14,  etc.,  from  X2  towards  X4; 
X9,  X15,  etc.,  from  X3  towards  X5;  XIO,  X16, 
etc.,  from  X4  towards  X6;  XI 1,  X17,  etc.,  from 
X5  towards  XI ;  X12,  X18,  etc.,  from  X6  towards 
X2.    (SeeFig.21.) 

Note. — For  starting  purposes  it  is  generally  customary 
to  bring  out  only  two  taps  from  one  delta  and  start 
three-phase. 

STANDARD  POLARITY  FOR  TRANSFORMERS 

In  the  1918  Report  of  the  Electrical  Apparatus  Committee 
it  was  recommended  that  Subtractivc  Polarity  be  standardized 
for  all  constant  potential  transformers  and  that  Additive  Polar- 
ity be  considered  special  and  be  used  only  when  conditions  make 
it  impossible  to  use  the  standard  polarity.  The  Committee  so- 
licited advice  from  member  companies  as  to  the  desirability  of 
putting  this  recommendation  into  effect,  stating  that  the  manu- 
facturers stood  willing  to  adopt  the  change  if  approved  by  the 
Association. 
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The  replies  which  have  been  received  by  the  Committee 
are  so  nearly  unanimous  in  favor  of  standardizing  Subtractive 
Polarity  that  the  Electrical  Apparatus  Committee  now  feels  war- 
ranted in  definitely  recommending  that  this  change  be  approved 
by  the  Association.* 

Provision  will  be  made  by  the  manufacturers  subject  to  the 
approval  of  the  Committee  for  a  clear  and  positive  identification 
of  the  polarity  of  all  transformers  and  in  all  cases  the  external 
leads  will  be  plainly  marked  in  accordance  with  the  standards 
already  established. 

The  discussion  on  Polarity  and  the  reasons  for  recommend- 
ing Subtractive  Polarity  for  all  transformers  are  repeated  from 
the  1918  Report  of  the  Committee  as  follows : 

SUBTRACTIVE  AND  ADDITIVE  POLARITY  ARE  DEFINED 
AS  FOLLOWS: 

Imagine  a  single  phase  transformer  having  two  high  vol- 
tage and  two  low  voltage  external  terminals,  and  let  one  high 
voltage  terminal  be  connected  to  the  adjacent  low  voltage  ter- 
minal and  let  voltage  be  applied  across  the  high  voltage  terminals. 
Then  if  the  voltage  applied  across  the  uncoiinectcd  high  voltage 
and  low  voltage  terminals  is  less  than  the  voltage  applied  across 
the  high  voltage  terminals,  the  polarity  is  Subtractive,  while  if 
it  is  greater  than  the  voltage  applied  across  the  high  voltage  ter- 
minals, the  polarity  is  Additive. 

At  the  present  time  the  voltage  relation  between  the  external 
terminals  of  most  distribution  transformers  is  such  as  to  result 
in  additive  polarity,  while  the  voltage  relation  between  the  ex- 
ternal terminals  of  power  transformers  would  give  subtractive 
polarity  in  some  instances  and  additive  polarity  in  others. 

As  to  the  desirability  of  accepting  the  recommendations  for 
the  standardization  of  subtractive  polarity  for  all  classes  of  trans- 
formers the  following  comments  are  submitted : 
1.    It  is  fundamentally  correct  in  principle.f 


*  When  the  above  recommendations  relating  to  Polarity  were  pre- 
sented at  the  Convention  they  were  referred  back  to  the  Subcommittee 
for  further  consideration. 

t  For  detailed  discussion  of  Polarity  see  Article  on  Polarity  of 
Transformers  by  Mr.  W.  M.  Dann  in  the  Electric  Journal  for  July,  1916. 
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(a)   Under  normal  operating  conditions  the  maximum  vol- 
tage stress  between  adjacent  high  voltage  and  low 
voltage  external  termfaials  is :  for  subtractive  polar- 
ity one-half  the  difference  between  the  voltages  of 
the  two  windings  and  for  additive  polarity  one- 
half  the  sum  of  the  voltages  of  the  two  windings. 
(&)  Under  abnormal  operating  conditions  when  a  high  vol- 
tage and  a  low  voltage  line  may  simultaneously  be- 
come grounded  the  maximum  voltage  stress  be- 
tween adjacent  high  voltage  and  low  voltage  ex- 
ternal terminals  is:   for   subtractive  polarity  the 
difference  of  the  voltages  of  the  high  and  low  vol- 
tage windings  and  for  additive  polarity  the  sum  of 
the  voltages  of  the  two  windings. 
This  advantage  of  subtractive  polarity,  although  negligible 
in  transformers  for  moderate  or  low  voltages,  becomes  sufficient 
in  high  voltage  transformers,  particularly  those  having  a  rela- 
tively small  ratio  of  transformation  to  make  its  standardization 
logical. 

Assume  a  transformer  having  a  high  voltage  rating  of 
ISOjOOO  and  a  low  voltage  rating  of  100,000  volts.  Under  con- 
dition (a)  the  stress  between  adjacent  high  and  low  voltage  ex- 
ternal terminals  is  for  subtractive  polarity  25,000  volts  and  for 
additive  polarity  125,000  volts.  Under  conditions  (b)  the  stress 
between  adjacent  high  and  low  voltage  terminals  is  for  subtrac- 
tive polarity  50,000  volts  and  for  additive  polarity  250,000  volts. 
2.  It  establishes  a  uniform  practice. 

The  present  practice  is  very  inconvenient  and  confusing 
from  an  operating  standpoint,  as  two  transformers  of  the 
same  rating  but  purchased  from  different  manufacturers 
may  have  different  polarity,  thereby  making  it  necessary  to 
phase  out  each  transformer  carefully  in  order  to  make  cer- 
tain that  it  is  properly  connected  in  circuit. 
3.  It  practically  eliminates  any  chance  of  connecting  the  trans- 
former to  a  circuit  with  reversed  polarity. 
If  all  transformers  have  the  same  polarity  there  is  evidently 
small  chance  of  reversed  connection.  If  some  transform- 
ers have  one  polarity  and  others  another,  care  must  be  taken 
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at  all  times  to  make  sure  that  each  transformer  is  connected 
properly  to  its  circuit.  A  connection  giving  the  wrong 
polarity  may  cause  a  violent  short  circuit  with  possible  dis- 
astrous results. 

Respectfully  submitted, 
ELECTRICAL  APPARATITS  COMMITTEE 

R  F  ScHUCHARDT,  Chairman 
*H  Carl  Albrecht 
R  E  Burger 
*H  W  Eales 
*L  L  Elden 

H  L  FULliRTON 

S  B  Irelan 

L  M  Klauber 
fG  L  Knight 
♦A  H  Lawton 
*S  J  Lisberger 

A  S  MacDowell 

J  F  Nield   . 

G  E  QUINAN 

E  A  QuiNN 

F  E  RiCKETTS 

*H  H  RuDD 
♦Nicholas  Stahl 

R  H  Tapscott 
*M  O  Troy 
*H  L  Wallau 

W  K  Vanderpoel 

The  Committee  desires  to  acknowledge  its  indebtedness  to 
many  engineers  of  member  companies  for  their  helpful  construc- 
tive criticism  during  the  preparation  of  these  Standards. 


*  Member  of  Transformer  Subcommittee, 
t  Chairman  of  Transformer  Subcommittee. 
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The  Chairman  :  As  usual,  we  will  take  this  up  section  by 
section,  and  I  will  ask  the  chairman  of  each  of  the  various  sub- 
cotnmittees  to  open  the  discussion  by  a  statement  of  what  is  in 
his  sub-committee  report.  As  the  paper  was  not  distributed  in 
advance,  we  will  ask  the  chairmen  of  the  sub-committees  to  dis- 
cuss the  subjects  in  more  or  less  detail,  the  amount  of  detail  de- 
pending on  the  time  that  is  left  to  us. 

I  will  ask  Mr.  H.  C  Albrecht  to  open  the  discussion  on  the 
Transformer  Section 

H.  C.  Albrecht,  Philadelphia :  In  the  absence  of  Chairman 
Knight  of  this  Sub-Committee,  I  have  been  asked  to  outline  this 
year's  work. 

The  Standards  which  were  adopted  last  year  and  widely 
distributed  in  pamphlet  form  have  been  revised  and  brought  up- 
to-date  with  the  help  and  constructive  criticism  of  engineers  of 
member  companies.  The  Standards  have  been  extended  to  cover 
3-phase  transformers,  and  the  sizes  of  both  single-phase  and  3- 
phase  transformers,  previously  standardized,  have  been  extended 
up  to  and  including  10,000  kv-a.  single-phase,  30,000  kv-a.  3- 
phase.  The  Committee  recommends  the  extension  of  standard 
transformer  voltage  ratfngs  above  33,000  volts  and  suggests  volt- 
ages up  to  and  including  220,000  volts. 

The  1918  report  contained  a  recommendation  that  subtrac- 
tive  polarity  be  standard  for  all  constant  potential  transformers. 
This  year's  committee  requested  a  definite  statement  on  this 
question  from  a  large  number  of  operating  engineers  and  replies 
show  an  almost  unanimous  opinion  in  favor  of  the  change.  The 
Committee,  therefore,  definitely  recommends  the  standardiza- 
tion of  subtractive  polarity.  If  there  are  any  objections  thereto 
it  is  trusted  that  the  discussion  this  afternoon  will  bring  them 
out. 

The  Transformer  Standardization  Booklet  has  been  reprint- 
ed with  the  revisions,  and  copies  are  now  available  for  general 
distribution. 

The  Chairman  :  I  would  like  to  say  a  word  with  respect 
to  cooperation  between  the  various  manufacturers  and  the  vari- 
ous organizations  engaged  on  this  work — it  has  been  splendid. 
The  Power  Club,  which  has  been  working  on  this  problem  for 
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some  years,  the  Institute  people,  the  N.E.L.A.  and  the  various 
manufacturers  have  cooperated  in  an  excellent  spirit,  and  it 
appears  now  that  we  are  reaching  the  point  where  all  the  manu- 
facturers will  say,  "Here  is  a  transformer  which  is  practically  the 
same  as  you  can  buy  an)rwhere  else,  a  standard  throughout  the 
United  States" — which  is  an  excellent  condition  to  approach. 

This  guestion  of  Transformers  is  now  open  for  general  dis- 
cussion. 

• 

H.  B.  Gear,  Chicago :  We  all  agree  that  standardization  of 
polarities  is  a  thing  much  to  be  desired.  We  are  put  to  great 
inconvenience  when  receiving  transformers  coming  from  differ- 
ent manufacturers,  with  different  polarities.  In  considering  this 
question  of  polarities,  some  of  us  have  felt  that  in  view  of  the 
additive  polarity  of  the  existing  types  of  distribution  transform- 
er, it  is  going  too  far  to  attempt  to  standardize  subtractive  polar- 
ity for  all  transformers.  There  are  possibly  one  million  live  trans- 
formers in  service  with  additive  polarity  at  the  present  time.  The 
replacement  of  one  of  these  units  with  a  transformer  of  sub- 
tractive  polarity  necessitates  crossing  over  of  the  leads,  and  re- 
arrangements of  taps  to  which  thousands  of  linemen  must  be 
educated. 

I  can  understand  why  subtractive  polarity  is  desirable  for 
station  units  from  the  manufacturing  and  operating  standpoints ; 
but  there  is  little  advantage  for  distribution  transformers  which 
are  used  chiefly  at  the  lower  voltages.  Therefore,  it  seems  to 
me  that  the  arguments  in  favor  of  standardizing  subtractive  po- 
larity for  the  distribution  transformers  do  not  carry  great  force. 
Only  a  few  manufacturers  have  attempted  to  make  transformers 
with  subtractive  polarities,  and  it  would  be  easier  to  have  them 
brought  into  line,  for  additive  polarity,  than  to  change  the 
established  practice  of  the  whole  country. 

I  might  say  in  explanation  of  the  reason  why  little  protest 
has  been  heard  on  this  question  that  the  distribution  men  as  a 
whole  do  not  realize  what  would  be  done  in  the  adoption  of  this 
report.  We  did  not  realize  it  in  Chicago  until  it  was  brought 
to  us  a  few  weeks  ago  for  approval.  I  would  suggest  that  this 
part  of  the  report  be  referred  back  to  be  taken  up  by  a  Joint 
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Sub-Committee  of  the  Committee  on  Electrical  Apparatus  and 
the  Overhead  Lines  Committee. 

W.  T.  MoRWSON,  New  York:  I  agree  with  Mr.  Gear  en- 
tirely, that  with  a  large  number  of  distribution  transformers  on 
a  line.it  would  seem  undesirable  to  change  the  polarity  of  these 
transformers.  It  would  be  easy  to  leave  the  station  transformers 
in  one  division,  and  all  outside  stations  in  another  division.  And 
it  would  seem  to  be  a  great  pity  to  try  to  standardize  something 
where  you  are  changing  so  large  an  amount,  to  meet  something 
which  is  of  small  quantity.  The  great  bulk  of  these  are  additive, 
and  it  would  seem  that  the  best  thing  is  to  leave  them  as  they  are, 
and  change  the  transformers  of  only  a  few  manufacturers  who 
would  have  to  change  their  practice. 

Mr.  Albrecht  :  While  the  Committee  is  ready  to  admit  that 
the  adoption  of  subtractiVe  polarity  for  distribution  transformers 
gives  practically  no  advantjiges  except  in  thejine  of  standardiza- 
tion, in  its  judgment  it  is  worth  while,  to  make  the  change  to 
obtain  that  result.  The  tendency  of  the  times  is  distinctly 
towards  standardization  in  all  lines.  It  is  admitted  by  everyone 
that  subtractive  polarity  is  fundamentally  correct  in  principle, 
and  that  there  is  a  decided  advantage  in  its  application  to  high 
voltage  transformers,  particularly  those  having  a  relatively  small 
ratio  of  transformation.  While  perhaps  90  per  cent  of  distribu- 
tion transformers  are  now  wound  with  additive  polarity,  there 
would  be  little  chance  for  confusion  if  the  change  were  made, 
except  where  transformers  are  banked  for  3-phase  or  parallel 
operation.  It  is  also  a  question  of  whether  the  anticipation  of 
trouble  in  these  applications  is  not  exaggerated. 

I  would  like  to*  question  Mr.  Gear's  statement  that  there  is 
a  clear  line  of  distinction  between  distribution  transformers  and 
power  transformers.  The  Standardization  provides  that  all 
transformers  under  200  kv-a.  are  in  the  distribution  class,  and 
all  those  over  200  kv-a.  are  classed  as  power  transformers. 
Power  transformers  are  used  not  only  for  station  purposes,  but 
also  in  many  instances  on  distribution  circuits.  The  suggestion, 
therefore,  that  subtractive  polarity  be  standard  for  power  trans- 
formers and  additive  polarity  for  distribution  transformers, 
would  not  seem  to  be  a  logical  one. 
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I  cannot  say  just  how  the  proposal  to  standardise  polarity 
arose,  but  I  do  not  feel  that  the  manufacturers  have  anything 
at  all  to  gain,  although  they  are  entirely  willing  to  make  the 
change  if  the  purchaser  so  desires.  It  would,  therefore,  s^ 
that  the  only  gain  in  the  adoption  of  polarity  for  distribution 
transformers  would  be  in  the  direction  of  standardization. 

The  Chairman:  The  most  practical  benefit  is  that  if  all 
the  distributed  transformers  came  out  with  the  same  polarity  the 
linemen  would  not  have  to  be  familiar  with  so  many  different 
ones.  I  thinfe  that  is  a  question  to  be  referred  back  to  the  joint 
committee,  as  Mr.  Gear  suggests. 

Mr.  Gear:  At  least  25  per  cent  of  our  distribution  trans- 
formers are  in  three-phase  installations  where  polarity  is  a  factor. 

The  Chairman:  We  will  proceed  now  to  the  next  divi- 
sion. Substation  Practice,  and  I  will  ask  Mr.  A.  A.  Meyer,  of 
the  Detroit  Edison  Company,  to  make  a  brief  statement. 

Mr.  Meyer:  In  the  absence  of  Mr.  Eales,  Chairman  of 
the  Sub-Committee  on  Substations,  I  will  attempt  to  abstract 
briefly  the  report  of  his  Committee. 

The  Committee  has  investigated  several  types  of  substa- 
tions, giving  particular  attention  to  the  special  types  of  indoor 
^  stations  and  also  the  most  striking  features  of  the  outdoor  types. 

The  small  industrial  consumers'  substations  showed  many 
similarities  because  this  type  can  be  constructed  easily  frcwn 
master  drawings,  whereas  the  larger  consimiers'  stations  dif- 
fered widely  because  tliey  needed  special  consideration  for  each 
particular  case.  In  all  cases  the  design  of  the  station  and  its 
equipment  were  either  dictated  or  approved  by  the  central  sta- 
tion! The  committee  has  endeavored  to  obtain  cost  data  but  is 
not  ready  to  present  any  comparable  figures. 

The  use  of  automatic  and  semi-automatic  stations  was  found 
to  be  quite  extensive  and  of  particular  interest.  Thirty-seven 
automatic  railway  stations  were  in  operation  varying  in  size 
from  300  up  to  1,000  kw.  One  company  reported  having  five 
semi-automatic  or  remote  control  stations  in  operation  on  its 
Edison  direct  current  network,  each  of  500  kw.  capacity.  These 
functioned  to  take  care  of  low  pressure  valleys  in  scattered  resi- 
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dential  lighting  districts  during  the  peak  load  period  and  also  con- 
centrated loads  such  as  hotels,  large  business  houses,  etc.,  in 
the  downtown  section. 

A  rather  new  automatic  feature,  incorporated  by  some 
operating  companies  in  their  ordinary  alternating  substations, 
is  the  automatic  reclosing  oil  circuit  breaker  on  the  outgoing  dis- 
tribution lines.  It  is  intended  to  re-establish  service  quickly  on 
a  circuit  wliich  has  tripped  owing  to  a  temporary  fault  on  the 
line. 

There  are  many  other  items  of  interest  which  must  be 
omitted  in  this  limited  abstract,  but  which  can  be  learned  by  a 
careful  reading  of  the  complete  report. 

The  Chairman  :  The  question  is  now  open  for  general  dis- 
cussion— Substation  Practice.  There  are  still  two  or  three 
chairs  up  here  at  the  front,  if  there  is  anybody  now  standing 
who  wishes  to  take  one.  * 

J.  C.  Martin,  AUentown,  Pa. :  In  the  matter  of  outdoor  sub- 
station design,  during  the  last  few  months  I  have  encountered 
difficulty  in  increasing  the  size  of  substations  which  were  origi- 
nally put  in  from  a  manufacturer's  standard  design.  The  diffi- 
culty is,  that  many  of  these  manufacturers'  standards  are  so 
designed  that  it  is  impossible  to  increase  the  size  of  the  sub- 
station without  tearing  out  the  whole  structure  and  putting  in 
an  entirely  new  one.  It  would  seem  that  the  committee  could 
well  give  attention  to  this  matter  by  asking  manufacturers  to 
design  substation  structures  in  such  a  manner  that  they  can  be 
readily  increased  in  capacity  without  complete  reconstruction. 

It  should  be  possible  to  design  such  structures  so  that  in- 
creases can  be  made  easily  without  material  change  in  anything 
but  the  apparatus.  I  know  of  one  instance  in  which  a  substa- 
tion as  originally  installed  wds  adequate  for  the  situation  at  the 
time,  but  when  an  increase  in  capacity  was  needed,  it  was  found 
necessary  to  reconstruct  the  whole  station,  and  spend  more 
money  than  would  have  been  necessary  had  the  station  been 
properly  constructed  originally.  It  would  seem  that  manufac- 
turers could  well  give  considerable  attention  to  this  matter. 

The  Chairman:  That  is  a  very  important  question,  and 
it  has  to  do  with  the  lack  of  imagination  on  the  part  of  the  engi- 
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neer  as  to  the  future  growth  of  business.  We  find  in  one  case 
we  haven't  enough  land  for  expanding  the  plant,  and  the  cost 
of  the  land  now  is  half  a  dozen  times  more  than  we  could  have 
bought  it  for  when  the  original  purchase  was  mad^.  It  is 
wholly  possible  to  design  a  structure  without  the  continual  ex- 
penditure of  too  much  money  to  provide  for  future  growth. 

H.  L.  Wallau,  Cleveland,  Ohio. :  I  would  like  to  call  atten- 
tion to  an  article  in  the  Electrical  World  of  last  year,  describing 
a  certain  type  of  central  station,  which  might  be  of  value  in  con- 
sidering this  question  of  future  growth. 

A.  E.  Silver,  New  York:  With  switchboard  apparatus 
particularly  in  mind,  I  would  like  to  emphasize  a  general  prin- 
ciple, that  of  high  load  factor,  in  its  application  to  the  use  of 
apparatus,  which  I  believe  deserves  increased  attention.  We  are 
now  faced  by  a  new  order  of  conditions  involving  greatly  in- 
creased construction  costs,  which  means  that  increased  care  and 
forethought  must  be  given  to  obtaining  greater  economy  in  con- 
struction designs.  I  believe  there  is  opportunity  for  considera- 
ble gain  through  improving  the  load  factor  of  various  items  of 
apparatus  of  lesser  importance.  For  some  time  it  has  been 
customary  to  give  much  thought  to  realizing  high  load  factors 
on  major  apparatus,  such  as  turbo-generators.  By  greater  effort 
to  extend  this  practice  to  apparatus  of  lesser  importance,  it  is 
believed  frequent  opportunities  will  be  found  where  avoidance 
of  duplication  can  be  justified  and  material  economies  effected. 

As  an  example,  consider  a  substation  for  perhaps  a  mod- 
erate-sized city  where  a  complete  double  bus  arrangement  would 
be  the  prevailing  practice.  I  believe  that  an  analysis  of  the  rea- 
sons for  providing  complete  duplicate  switching  arrangement 
will  very  often  show  the  prime  reason  to  be  the  meeting  of  emer- 
gencies resulting  from  apparatus  troubles,  and  furthermore/ 
that  an  analysis  will  show  that  a  decided  majority  of  these  trou- 
bles follow  from  lack  of  proper  inspection  and  maintenance  of 
apparatus.  Given  then,  suitably  increased  inspection  and  mainte- 
nance care,  the  duplication  of  such  apparatus  may  often  be 
omitted.  Improved  load  factor  on  the  switching  apparatus  of 
such  a  substation  might  be  realized  by  a  lay-out  comprising  one 
completely  equipped  high-class  bus  and  some  suitable  means,  such 
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as  a  comparatively  cheap  and  simple  inspection  or  maintenance 
bus,  for  cutting  out  any  oil  circuit  breaker  or  other  item  of  essen- 
tial equipment  for  periodic  inspection  and  adjustment. 

This  is  merely  to  bring  out  my  point  that  in  these  days  of 
high  costs  one  way  to  economize  is  to  insure  that  every  piece 
of  essential  apparatus  works  as  nearly  all  the  time  as  practica- 
ble. 

R.  J.  Wensley,  East  Pittsburgh,  Pa. :  There  has  been  one 
application  of  the  automatic  substation  for  Edison  three-wire 
service  not  mentioned  in  the  report  and  that  is  for  use  in  large 
hotels  or  office  buildings  or  where  there  is  a  great  concentra- 
tion of  three-wire  load.  In  such  buildings  it  is  possible  to  run 
fairly  small  d.  c.  copper  from  the  street  mains,  thereby  redu- 
cing the  investment,  and  to  put  in  automatic  substations  to  take 
care  of  the  load  in  these  buildings  during  the  day  and  evening, 
automatically  cutting  oflf  the  substation  during  the  night.  The 
cost  of  the  automatijc  converter  equipment  is  less  than  the  heavy 
investment  laid  in  the  streets  in  the  form  of  copper.  We  believe 
the  reliability  of  service  to  be  practically  the  same. 

N.  E.  Funk,  Philadelphia:  The  people  operating  the  Paoli 
Branch  of  the  Pennsylvania  Railroad,  are  very  much  dissatisfied 
with  the  alternating  current  operated  switches  and  are  making 
arrangepients  to  change  them  to  direct  current  control.  There- 
fore, I  do  not  feel  that  this  particular  installation  is  an  example 
of  satisfactory  alternating  current  control. 

One  of  tlie  greatest  troubles  with  alternating  current  con- 
trolled switches  is  that  the  failure  of  the  main  power  supply 
causes  the  loss  of  the  control  system,  and  necessarily  this  means 
inconvenience  and  delay  in  restoring  service.  This  may  be 
avoided  to  some  extent  by  a  separate  alternating  current  supply 
which  is  Usually  inconvenient  and  expensive. 

The  installation  of  a  small  motor  generator  operating  con- 
tinuously and  a  storage  battery  to  supply  service  in  case  the 
main  power  supply,  and  in  consequence  the  motor  generator, 
fails,  gives  much  more  satisfactory  control  service. 

N.  L.  Pollard,  Newark,  N.  J.:  I  should  like  to  ask  whether 
any  of  the  member  companies  have  had  any  trouble  with  water 
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getting  into  their  outdoor  type  oil  circuit-breakers.  We  have 
had  several  cases  where  moisture  inside  the  oil  circuit-breaker 
tank  formed  ice,  which  later  caused  a  failure  of  the  switch.  We 
think  that  the  moisture  in  the  switch  was  due  to  condensation. 
I  have  not  had  time  to  read  the  report,  so  I  do  not  know  whether 
other  companies  are  having  troubles  of  a  similar  natiu^. 

The  Chairman:   Mr.  Silver,  can  you  answer  that? 

Mr.  Silver:  As  far  as  the  experience  of  our  company  is 
concerned,  I  recall  only  a  few  instances  among  early  installations. 
These  troubles  were  easily  overcome  in  succeeding  installations. 

The  Chairman:  The  company  with  which  Mr.  Silver  is 
connected  operates  a  very  large  number  of  outdoor  switches  in 
the  United  States. 

The  next  item  is  Switchboards,  and  I  will  ask  Mr.  Lawton 
to  make  a  statement  on  that. 

(Mr.  Lawton  abstracted  pages  21  to  ^  of  the  Report  of 
the  Sub-committee  on  Switchboards.) 

A.  S.  LoizEAUX,  Baltimore :  The  subject  of  repeated  opera- 
tion of  oil  circuit  breakers  in  a  short  interval  of  time  brings  up 
the  question  of  the  removal  of  oil  fumes  from  the  switch-pot  A 
recent  switch  breakdown  in  Baltimore  was  caused  apparently  by 
the  explosion  of  oil  fumes  above  the  oil.  The  switch  operated 
under  short  circuit,  opening  successfully.  After  a  short  interval 
the  switch  was  closed  and  again  opened  automatically.  An  ex- 
plosion occurred,  blowing  the  switch-pots  off  and  breaking  the 
bolts  which  fastened  the  pots  to  the  frame  of  the  switch.  The 
current  flowing  was  well  within  the  capacity  of  the  switch,  and 
examination  showed  almost  to  a  certainty  that  an  explosion  of 
oil  fumes  did  the  damage.  Certain  manufacturers  provide  a 
check  valve  of  small  diameter  on  the  top  of  the  oil  tank,  but  this 
does  not  provide  for  free  circulation  of  air.  In  restoring  the 
switch  to  service  after  breakdown,  as  mentioned  above,  it  was 
provided  with  two  large  check  valves,  one  at  the  oil  surface  and 
the  other  at  the  top  of  the  tank.  These  check  valves  are  nor- 
mally open,  but  close  during  operation  of  the  switch  due  to  the 
pressure  generated  wjthin.    Wh^n  open  the  check  valves  allow 
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free  circulation  so  that  any  difference  of  gravity  between  oil 
fumes  and  air  will  cause  the  fumes  to  flow  out  and  fresh  air  to 
take  their  place. 

It  seems  that  unless  definite  means  are  taken  to  eliminate  oil 
fumes  we  may  expect  to  have  explosions  under  certain  condi- 
tions and  the  switches  can  hardly  be  built  to  withstand  such  ex- 
plosions. The  manufacturers  should  determine  on  and  install 
some  adequate  method  to  remove  oil  fumes. 

H.  L.  Smith  :  The  report  of  this  Committee  is  most  com- 
prehensive and  opportune. 

A  section  on  oil  circuit  breakers  has  been  inaugurated  in 
the  Power  Club  and  will  be  ready  to  cooperate  with  the  N.E.L.A. 
and  the  A.I.E.E.  in  the  attempt  to  solve  the  problems  connected 
with  this  class  of  apparatus 

In  the  report  stress  is  laid  on  the  duty  cycle  as  now  adopted 
for  interrupting  capacity  rating.  The  duty  cycle  is  simply  a 
bench-mark,  as  it  was  necessary  to  adopt  some  basis  for  ratings. 

A  great  deal  of  argument  was  brought  out  before  the  pres- 
ent duty  cycle  was  adopted,  but  this  is  only  one  basis.  If  your 
Committee  through  the  cooperation  of  the  member  companies 
can  suggest  the  proper  basis,  the  manufacturers,  I  am  sure,  will 
cooperate  and  endeavor  to  relate  these  ratings  either  by  curves 
or  some  other  more  practical  method,  so  that  the  data  can  be 
given  to  them  for  any  kind  of  application. 

One  other  word  about  application  and  rating.  In  the  paper 
which  is  carefully  prepared,  there  is  a  tendency  to  confuse  "ap- 
plication" with  "rating."  I  merely  call  attention  to  this  as  a  word 
of  caution,  and  do  hot  wish  to  enter  into  argument  about  it  here. 

The  collection  of  the  data  proposed  in  the  paper,  both  on 
successful  or  unsuccessful  operation  of  breakers,  accurate  and 
complete  for  any  given  case,  will  naturally  be  of  the  greatest  im- 
portance to  the  manufacturers  in  assisting  them  to  determine — 
as  well  as  the  member  companies  to  decide — ^whether  a  particular 
form  of  breaker  is  best  adapted  to  a  particular  application,  or 
whether  its  rating  is  a  proper  one. 

The  Chairman  :    Any  more  discussion  on  this  question  ? 

J.  B.  MacNeill,  Pittsburgh,  Pa. :  ■  If  the  duty  cycles  for  oil 
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circuit  breaker  operation  are  made  more  stringent,  then 
breakers  must  be  more  coftservatively  applied  than  is  now 
the  general  practice;  that  is,  if  an  oil  breaker  must  open  three 
times  on  short  circuits,  say  lo  seconds  apart,  it  must  be  a  breaker 
of  greater  ability  than  if  it  opened  only  once  or  if  it  opened 
twice  with  a  2  minute  interval.  There  are  no  limits,  however,  to 
the  application  of  the  fundamentals  of  oil  breaker  design,  and 
this  greater  ability  can  be  secured  by  simply  making  them  bigger 
and  better  along  the  lines  of  design  now  used. 

With  respect  to  the  progressive  heating  of  air  circuit 
breaker  contacts,  we  have  been  recommending  for  certain  instal- 
lations that  oil  breakers  be  used  where  hitherto  carbon  breakers 
have  been  used.  For  the  protection  of  station  auxiliaries,  etc., 
where  the  load  is  continuous  for  several  weeks  perhaps,  the  oil 
breaker  gives  much  better  satisfaction  since  the  contacts  do  not 
oxidize,  and  there  is,  therefore,  no  progressive  heating. 

With  respect  to  the  novel  combination  of  oil  circuit  breaker 
and  air  disconnecting  switch  described,  the  purpose  of  this  device 
is  to  insert  immediately  an  air  break  in  the  circuit  for  the  open- 
ing of  the  oil  contacts,  thus  allowing  the  linemen  to  go  to  work 
at  once.  Some  other  combinations  of  circuit  breakers  and  dis- 
connecting switches  have  been  developed  recently.  One  is  a 
remote  control  multi-pole  disconnecting  switch  interlocked  with 
the  cell  doors.  Another  is  a  multi-pole  remote  control  discon- 
necting switch  interlocked  with  the  circuit  breaker  mechanism 
so  that  the  switch  cannot  be  opened  or  closed  while  the  breaker 
is  energized. 

Mr.  Lawton:  Following  the  remarks  of  Mr.  Loizeaux,  I 
wish  to  call  attention  to  the  fact  that  there  are  two  types  of 
design  on  switches  of  rupturing  capacities  from  250,000  to 
300,000  kv-a.  and  voltages  from  6600  to  22,000.  One  type  pro- 
vides vents  above  the  oil,  open  at  all  times,  while  the  other  pro- 
vides a  vent  with  a  check  valve  which  is  normally  open,  but 
which  closes  when  the  switch  operates,  thereby  creating  a  pres- 
sure in  the  tank.  Possibly  the  only  way  we  will  ascertain  which 
type  is  the  more  effective  is  to  await  the  results  of  experience, 
and  I  therefore  urge  tliat  as  many  companies  as  possible  send  in 
reports  on  the  operation  of  their  circuit  breakers,  so  that  we  may 
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gradually  accumulate  a  fund  of  experience  from  which  conclu- 
sions may  be  drawn. 

The  Chairman  :  I  wish  to  say  another  word  on  coopera- 
tion: I  think  it  is  necessary  that  all  these  various  interests  co- 
operate, as  the  cost  of  construction  is  so  high  now  that  it  is  seri- 
ously limiting  the  amount  we  can  do ;  and  imless  we  standardize 
and  reduce  the  cost  of  construction,  there  will  not  be  so  much 
work  as  there  was. 

The  next  subject  is  the  problem  of  generators.  Mr.  Albrecht, 
will  you  please  present  that  subject? 

H.  C.  Albrecht,  Philadelphia :  In  the  report  of  the  Prime 
Movers  Committee  presented  yesterday,  there  was  a  most  inter- 
esting tabulation  of  the  capacity  of  many  of  the  large  generating 
systems  in  the  country,  indicating  the  part  of  the  capacity  in  units 
of  20,000  kv-a.  and  above,  as  well  as  the  percentage  of  the  total 
capacity  represented  by  the  largest  unit  of  each  company. 

The  very  rapid  increase  in  the  number  of  generators  in  the 
past  few  years  has  brought  with  it  the  necessity  of  protecting 
them  from  the  effects  of  external  trouble  and  of  minimizing  the 
effects  of  internal  trouble  to  a  greater  extent.  The  failure  of  a 
large  unit  usually  means  not  only  great  expense  for  repairs,  but 
even  the  temporary  loss  of  its  use  may*  result  in  higher  operating 
costs  because  older  and  less  efficient  units  may  have  to  carry  the 
load  otherwise  carried  by  the  large  unit. 

Because  of  this  fact,  increased  attention  is  now  being  given 
to  relay  protection  of  a  nature  to  disconnect  the  unit  promptly 
upon  failure,  and  to  the  question  of  the  installation  of  fire  ex- 
tinguishing equipment,  which  will  minimize  the  damage  from 
generator  break  down,  so  that  the  unit  may  be  repaired  more 
quickly  and  cheaply. 

The  heavy  loads  carried  by  generators  during  the  past  two 
years,  and  the  inability  to  take  the  units  off  the  line  for  proper 
cleaning  and  inspection  at  the  accustomed  intervals,  brought 
about  by  the  heavy  demands  for  power  as  the  result  of  war  condi- 
tions, have  increased  the  number  of  generator  failures  and  fires 
and  thus  emphasized  their  seriousness. 

The  Generator  Sub-Committee  has  based  its  report  upon 
information  received  in  response  to  a  questionnaire  sent  to  64 
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member  companies  operating  generators  of  comparatively  large 
size,  replies  being  received  from  30. 

The  Chairman:  Mr.  Stahl,  will  you  say  a  word? 

N.  Stahl»  Providence,  R.  I. :  There  are  several  disconcert- 
ing elements  in  connection  with  generator  fires.  In  the  first  place, 
to  get  from  30  companies  a  record  of  81  fires,  in  so  short  a  time 
as  the  three  to  three  and  one-half  years  appearing  from  the 
record,  means  that^  this  subject  has  now  an  importance  in  central 
station  operation  which  we  have  not  heretofore  observed.  Fur- 
ther study  of  the  statistics  shows  that  there  is  need  of  even  more 
such  work.  These  fires  seem  to  "know  no  breed  or  clan,  nor 
creed  nor  birth,"  and  they  do  not  recognize  size  or  voltage  or 
particular  make,  nor  age  of  machine,  being  equally  disastrous 
under  the  widest  range  of  conditions.  Again,  they  occur  just  as 
frequently  and  just  as  seriously  in  the  largest  and  most  care- 
fully managed  companies  where  forethought  in  planning  and 
skill  in  operation  are  at  a  maximum. 

Your  committee  thought  one  feature  should  be  particularly 
emphasized,  namely  the  great  need  of  increased  care  to  keep  the 
machines  clean,  and  of  more  frequent  inspection  to  ascertain  their 
condition  with  respect  to  dirt. 

Our  Prime-Mover  friends  have  long  been  aware  that  through 
a  large  machine  in  the  course  of  an  hour  something  like  its  own 
weight  of  steam  passes,  but  it  has  not  been  so  well  understood 
that  both  with  large  water  wheel  generators  and  turbine  gen- 
erators, particularly  where  the  ventilation  problem  is  serious, 
there  is  also  ,passed  per  hour  air  approximately  equal  in  weight 
to  the  generator  itself.  If  you  can  conceive  of  even  a  small  frac- 
tion' of  1  per  cent  of  that  air  being  laden  with  dust  or  oil,  you 
perceive  how  great  is  the  opportunity  for  the  collection  or  settle- 
ment of  that  dirt  or  oil  upon  the  windings  and  ventilation  pas- 
sages. 

The  manufacturers  have  brought  out  the  fact  that  a  fire 
is  quite  likely  to  result  from  oil  laden  dirt  or  dust  or 
lint  on  the  windings,  if  the  voltage  rises  to  from  175  to 
200  per  cent  of  normal  which  is  a  condition — as  to  the  lower  fig- 
ure— occurring  wheM  an  ungrounded  system  becomes  grounded. 
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Your  committee  feds  that  this  emphasizes  the  need  of  frequent 
cleaning  and  inspection. 

In  the  matter  of  fire  fighting,  while  pyrene  and  other  chemi- 
cals have  been  used  with  fairly  good  success  on  smaller  machines, 
the  difficulty  with  large  ones  is  to  localize  the  seat  of  trouble  and 
then  to  apply  chemicals  to  it.  So  out  of  hard  experience  the 
operating  companies  have  been  forced  to  the  use  of  two  media, 
namely  steam  and  water,  both  of  which  are  inherently  imdesirable 
inside  a  generator.  There  is  such  a  considerable  diversity  of 
opinion  as  to  which  of  these  is  the  better  that  your  committee  felt 
it  unwise  and  inexpedient  at  this  time  to  attempt  to  make  you  a 
recommendation  between  the  two.  The  reporj^  gives  in  some 
detail  both  the  past  experience  and  prospective  practice  of  respec- 
tive companies  for  the  two  media. 

In  the  case  of  our  own  company,  we  were  so  impressed  by 
the  seriousness  of  this  subject  that,  although  we  had  never  had 
any  generator  fires  and  therefore  no  experience  from  which  to 
choose  between  steam  and  water,  we  decided  to  take  the  bull 
by  the  horns  and  install  apparatus  so  that  we  could  use  both,, 
arrangement  being  made  for  the  use  of  steam  initially,  but  should 
that  fail  with  any  fire,  we  will  then  as  a  last  resort  be  able  to  turn 
in  water.  This  was  done  because  we  were  impressed  with  the 
success  obtained  by  the  Ehiquesne  Light  Company  of  Pittsburgh 
in  the  use  of  steam,  although  most  of  that  company's  recent  fires 
are  of  exterior  origin  and  therefore  not  likely  to  be  as  difficult  to 
extinguish  as  those  arising  within  the  windings.  Further  we  had 
in  mind  the  experience  of  the  Public  Service  Company  of  New 
Jersey,  where  fire  fighting  by  steam  failed;  so  we  felt  that  we 
would  do  well  to  prepare  ourselves  for  all  emergencies. 

In  the  matter  of  cooperation  and  with  further  reference  to 
the  notion  of  a  Bureau  of  Exchange  localized  in  each  sub-com- 
mittee, your  present  committee  would  particularly  welcome  re- 
ceiving, as  time  brings  such  experience  to  our  companies,  ref- 
erences to  causes  of  fires,  the  means  which  have  been  fotmd  suc- 
cessful in  preventing  their  spread,  and  the  methods  of  actually 
fighting  and  extinguishing  them. 

H.  R.  SuMMERHAYES,  Schcucctady,  N.  Y.:  In  the  matter 
of  protection,   there  has  been  objection  to  making  automatic 
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swftches  on  gienerators!  But  the  differential  relay  is  not  auto- 
matic in  case  of  overload,  and  operates  only  with  unbalance  or 
ground  in  the  generator.  It  does  not  operate  on  any  system  dis- 
turbance. 

So  far  we  have  yet  to  hear  of  a  case  where  a  differential 
relay  failed  to  save  the  machine.  There  have  been  only  a  few 
machines  equipped.  A  good  many  of  the  larger  companies  are 
considering  the  use  of  differential  relays. 

Mr.  Stahl  has  called  attention  to  the  matter  of  keeping 
windings  clean,  which  subject  is  assuming  importance,  since 
some  fires  have  resulted  not  from  short  circuits  but  from  sparks. 
Sometimes  they  may  have  come  from  mechanical  friction  or  me- 
chanical striking,  the  sparks  lighting  on  this  inflammable  oil- 
soaked  lint  or  dust.  Fanned  by  the  air  blast  they  start  a  fire,  so 
that  it  is  advisable  to  put  in  fire  protection  in  the  form  of  steam 
or  water. 

The  General  Electric  Company  made  some  experiments  a 
few  years  ago  by  constructing  a  ventilated  steel  box  and  putting 
in  a  number  of  coils.  Fires  were  started  in  the  box,  and  then 
methods  to  extinguish  them  were  tried. 

It  was  found  that  either  steam  or  water  was  effective,  but 
that  when  steam  was  used  there  had  to  be  plenty  of  it.  Since  then 
instances  have  come  to  our  attention  in  which  fires  have  occurred, 
and  all  of  the  chemical  extinguishers  in  the  station  were  used 
without  extinguishing  the  fire,  so  water  was  used  as  a  last  resort. 

Instances  have  been  cited  where  steam  was  used  unsuc- 
cessfully. If  you  have  a  machine  with  50,000  cubic  feet  of  air 
going  through  per  minute,  and  with  the  dampers  closed  there  is 
5  per  cent  leakage,  a  lot  of  air  becomes  mixed  with  your  steam. 
The  indication  to  us  is  that  since  water  is  used  as  a  last  resort,  it 
might  as  well  be  used  as  a  first  resort.  However,  there  is  no 
doubt  that  steam  will  do  the  work  if  there  is  plenty  of  it,  and 
the  air  is  cut  off. 

Brief  immersion  in  water  does  not  injure  your  coils.  They 
should  be  dried,  however,  as  soon  as  possible  thereafter. 

The  Chairman:  Has  anyone  else  had  experience  along 
this  line  which  would  be  interesting  to  the  operating  people. 

H.  B.  Pope,  Brooklyn :    In  regard  to  fires  in  the  machines,  I 
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think  many  of  the  companies,  the  Brooklyn  Edison  included, 
which  have  stopped  the  use  of  any  lint  that  packs  in  the  windings 
of  ventilated  machines,  by  using  wipers  instead  of  waste,  have 
cut  down  the  number  of  fires  materially. 

The  Chairman  :  The  next  division  of  our  subject  is  "Power 
Factor  Correction/'  We  will  ask  Mr.  H.  L.  Wallau  of  Qeveland 
to  open  this  discussion. 

(Mr.  Wallau  abstracted  the  Report  of  the  Sub  Committee  on 
Power  Factor  Correction,  to  be  found  on  pages  59,  60  and  61 
and  appendix  pages  62  to  74  of  the  advance  printed  report.) 

The  Chairman  :  The  question  of  power  factor  correction  is 
now  open  for  general  discussion.  I  would  like  to  hear  particu- 
larly from  those  operating  men  who  have  had  experience  with  the 

various  devices. 

• 

J.  E.  Kearns,  St.  Louis,  Mo. :  While  not  a  direct  operating 
man,  I  had  an  interesting  experience  with  the  operation  of  three 
furnaces  at  the  Charleston  Projectile  Plant  at  Charleston,  W.  Va. 
There  were  installed  at  this  plant  three  6-ton  Herault  furnaces, 
which  apparently  had  been  sold  to  operate  at  a  power  factor  of 
from  80  to  90  per  cent,  which  rating  really  means  nothing  to  the 
operating  man,  as  in  this  particular  instance,  the  size  of  the  central 
station  was  based  on  about  80  per  cent  power  factor.  It  was 
found,  however,  that  during  the  starting  period  the  power  factor 
ran  as  low  as  30  to  40  per  cent  which  naturally  increased  the  re- 
quired capacity  of  the  plant.  In  view  of  this,  it  seems  to  me  that 
the  information  contained  in  the  report  of  the  Apparatus  Com- 
mittee should  bring  out  the  fact  that  the  power  factor  readings 
given  for  the  furnaces  are  on  the  basis  of  the  melting  period,  and 
in  order  to  design  your  plant  and  lines  properly,  lower  power  fac- 
tors than  those  tabulated  should  be  taken  into  consideration. 

H.  A.  WiNNE,  Schenectady,  N.  Y. :  I  would  like  to  say  a 
few  words,  Mr.  Chairman,  first  cm  electrical  apparatus  for  use 
in  connection  with  electric  furnaces  and  then  on  apparatus  for 
arc  welding.  I  think  the  majority  of  electric  furnace  loads  are 
hartdled  by  the  central  stations  with  little  or  no  difficulty.  How- 
ever, in  some  cases  the  current  and  power  fluctuations  are  such 
as  to  cause  disturbances  to  other  loads  in  the  system,  particularly 
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where  the  total  generating  capacity  is  relatively  small,  or  when 
the  furnace  load  constitutes  a  large  proportion  of  the  total  load 
on  a  long  feeder.  In  such  instances  it  is  hoped  that  the  "satu- 
rated core"  reactor,  which  is  now  in  the  process  of  development, 
will  offer  a  solution  to  the  problem,  and  allow  the  central  station 
to  take  on  this  otherwise  desirable  load  without  disturbance  to 
its  lines. 

Briefly,  this  device  consists  of  two  similar  transformers^  per 
phase,  one  winding  on  one  being  connected  in  series  with  the 
similar  winding  on  the  other  and  with  the  load.  The  remaining 
windings,  one  on  each  transformer  or  reactor,  are  excited  from  a 
source  of  direct  current  supply. 

Such  a  reactor  offers  a  low  reactance  to  alternating  currents 
so  long  as  the  alternating  E.M.F.  in  the  core  is  less  than  the 
direct  E.M.F.,  but  a  high  reactance  to  currents  of  a  larger  value, 
such  that  the  alternating  E.M.F.  is  greater  than  the  direct  E.M.F. 
That  is,  the  maximum  value  of  the  alternating  current  can  be 
limited  to  a  relatively  small  percentage  above  normal,  without 
having  a  large  reactive  drop  at  normal  current.  By  adjusting  the 
amount  of  direct  current  excitation  the  maximum  value  of  the 
alternating  current  can  be  varied. 

The  following  test  results  will  give  a  clearer  understanding 
of  the  way  the  reactor  operates : 


D.  C.  Excitation 

A. 

C.  Line  Current 

Volts  Across  Reactor 

11.0  amperes 

20  amperes 

450  volts 

11.0        „ 

30        „ 

2200     .. 

15.0        „ 

20        „         - 

325     „ 

15.0        „ 

40        „ 

2200     „ 

In  considering  the  above  results,  assuming  that  the  line  vol- 
tage is  2200,  and  that  normal  line  current  is  20  amperes,  we  find 
that  with  11.0  amperes  d.c.  excitation,  at  normal  line  current  the 
reactance  is  equivalent  to  20  per  cent,  while  at  150  per  cent  cur- 
rent it  is  66.6  per  cent;  that  is  the  current  is  limited  to  150  per 
cent  normal.  If  the  d.c.  excitation  is  increased  to  15.0  amperes, 
then  at  normal  line  current  the  reactance  is  15  per  cent,  and  at 
200  per  cent  line  current  it  is  50  per  cent ;  that  is,  the  line  current 
is  absolutely  limited  to  200  per  cent  of  normal. 

Thus  this  reactor  offers  a  means  of  limiting  the  maximum 
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value  of  current  surges,  without  the  disadvantage  of  a  high 
reactance  under  normal  conditions.  The  power  losses  in  the 
reactor  are  exceedingly  small,  being  only  the  PR  loss  in  the  two 
windings,  and  the  core  losses. 

This  system  of  current  limiting  may  be  used  in  either  single 
or  polyphase  circuits,  two  transformers  being  required  per  phase. 
Two  transformers  are  necessary  in  order  to  eliminate  the  second 
harmonic  voltages  which  are  induced  in  the  reactor  windings. 

While,  of  course,  the  first  cost  of  an  installation  of  this  char- 
acter is  somewhat  higher  than  the  cost  of  ordinary  reactance  coils, 
the  advantages  of  the  saturated  core  reactor  are  so  marked  that 
I  believe  it  will  be  largely  used. 

A  very  recent  and  successful  development  in  arc  welding 
generators  is  a  machine  which  has  the  same  current  and  voltage 
characteristics  at  the  arc  as  the  constant  energy  balancer  set  de- 
scribed in  the  Apparatus  Committee's  Report.  It,  however,  con- 
sists of  only  one  armature  and  one  field  structure,  complete  in  a 
single  generator  frame,  no  separate  excitation  current  or  exciter 
being  required.  This  generator  may  be  belt  driven  or  direct  con- 
nected to  a  direct  current  or  alternating  current  motor,  to  form 
a  motor  generator  set. .  It  combines  all  the  good  points  of  the  bal- 
ancer set  with  the  additional  advantage  that  it  does  not  require  a 
115  volt  or  230  volt  direct  current  circuit  from  which  to  be  oper- 
ated. It  gives  an  open  circuit  voltage  for  striking  the  arc  of 
approximately  60  with  a  welding  voltage  of  approximately  20. 

A  range  in  welding  current  up  to  200  amperes  may  be  ob- 
tained by  merely  adjusting  a  dial  switch.  This  machine  is  of 
course  inherently  a  single  operator  welder,  and  so  is  intended  to 
be  used  only  for  metallic  electrode  welding. 

The  Chairman  :  I  suggest  that  we  now  take  a  recess  of 
three  or  four  minutes,  before  we  take  up  the  second  part  of  our 
afternoon's  work. 

(Section  reconvenes.) 

The  Chairman:  We  are  fortunate  in  having  Mr.  Frank 
V.  Magalhaes,  the  Chairman  of  the  Meter  Committee,  with  us. 
and  he  will  now  present  his  report. 
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REPORT  OF  COMMITTEE  ON  METERS 

As  the  work  of  the  Meter  Committee  this  year  has  differed 
somewhat  from  other  years,  its  report  is  also  different,  due 
mainly  to  an  experiment  instituted  by  the  Executive  Committee 
of  the  Technical  and  Hydro-Electric  Section.  The  purpose  of 
the  experiment  is  to  place  the  work  of  the  Committee  in  the 
hands  of  the  interested  metermen  of  the  Association  well  in  ad- 
vance of  the  convention,  so  as  to  insure  a  thoroughly  informed 
audience  prepared  for  full  discussion. 

The  Meter  Committee  has  been  in  accord  with  the  plan  of 
the  Executive  Committee  and  has  made  every  effort  to  carry  it 
through  to  a  successful  conclusion. 

The  material  which  was  in  the  hands  of  individual  mem- 
bers or  sub-committees,  even  though  in  unfinished  form,  was 
compiled  early  in  April  and  forwarded  to  about  one  hundred  in- 
dividuals throughout  the  country  with  the  request  that  they  pre- 
sent discussion  at  the  convention  on  any  of  the  subjects. 

In  judging  the  outcome  of  the  experiment,  it  should  be  borne 
in  mind  that  the  committee  year  began  onjy  about  three  months 
ago,  with  the  first  committee  meeting  in  February,  1919 ;  further, 
that  the  war  period  broke  the  continuity  of  the  Committee's  work 
on  several  subjects,  necessitating  a  fresh  beginning  with  some 
consequent  lost  motion  and  added  work. 

WAR  CONDITIONS  AND  PROBLEMS 

The  war  problems  in  the  various  meter  departments  through- 
out the  country  were  probably  very  similar.  The  Committee  con- 
sidered it  of  no  particular  significance  or  value,  therefore,  to 
analyze  and  discuss  them  in  detail  but  merely  lists  them  as  a 
matter  of  future  record  and  reference,  or  as  they  might  have  a 
bearing  on  the  work  in  this  period  after  the  war.  The  essential 
war  problems  which,  as  stated  above,  were  met  by  practically  all 
the  companies  were: 

The  loss  of  trained  testers  and  inspectors  and  the  impossi- 
bility of  replacing  them. 

The  effort  to  train  men  or  boys  in  a  short  time  to  carry  on 
the  work  of  experienced  men. 

Manuscript  of  this  report  was  received  April  twenty-fifth. 
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The  effort  to  train  and  use  women  in  the  Departments  for 

testing  as  well  as  clerical  work. 
The  loss  of  foremen  or  those  in  charge  of  divisions,  necessi- 
tating reorganization   and   changes   in   the   method  of 

handling  the  work. 
The  extension,  suspension  or  entire  abandonment  of  various 

periodic  schedules  of  testing  and  inspecting  due  to  the 

lack  of  trained  men  to  maintain  them. 
The  necessity  of  change  in  the  wage  scales  to  meet  the  war 

conditions. 
The  difficulty  and  delays  in  obtaining  apparatus  and  material 

of  various  kinds. 

COU-RSES  OF  TRAINING  FOR  METER  TESTERS 

Conditions  during  the  war  period  emphasised  very  acutely  a 
need  which  had  been  realized  in  a  more  or  less  general  way  be- 
fore the  war.  This  need  was  for  some  definite  course  or  method 
of  instruction  to  train  men  to  carry  on  the  work  in  the  Meter 
Department. 

The  large  majority  of  companies  in  the  country  at  the  pres- 
ent time  develop  their  new  meter  testers  by  a  process  of  individual 
word  of  mouth  discussion  and  contact  with  the  older  and  more 
experienced  testers.  An  increasing  number  of  companies  are 
coming  to  realize  that  this  method  is  inadequate,  first,  because  it 
does  not  develop  testers  fast  enough  to  keep  up  with  the  demand ; 
second,  it  does  not  produce  a  particularly  good  t)rpe  of  tester ;  and 
third,  it  does  not  screen  out  the  men  who,  through  indifference 
or  incompetence,  will  never  develop  into  good  testers. 

A  well  developed  course  of  instruction  in  the  hands  of  an 
able  instructor,  with  periodic  examinations  to  test  the  qualifica- 
tions of  the  men,  seems  to  be  the  conclusion  reached  by  some  of 
the  companies  to  solve  the  need.  The  Meter  Committee  felt,  there- 
fore, that  a  sub-committee  could  profitably  be  appointed  to  look 
into  the  matter  of  existing  courses  and  some  material  prepared 
by  this  sub-committee  is  given  herewith.  It  consists  of  questions 
for  the  purpose  of  bringing  out  discussion,  and  outlines  of  three 
courses  which  seemed  typical  of  seven  or  eight  that  were  found 
to  be  in  use  by  several  of  the  companies. 

In  order  to  obtain  the  views  of  the  various  members  of  the 
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Association  as  to  the  best  method  whereby  this  could  be  done, 
we  ar*  submitting  the  following  questions  for  discussion : 

1.  Is  there  a  need  for  such  a  course  %s  outlined? 

2.  Should  this  course  be  supervised  by  an  instructor  in  pref- 

erence to  instructions  from  older  or  more  experienced 
meter  men? 

3.  Information  which  the  Committee  has  received  shows  that 

better  results  are  obtained  when  the  men  are  trained 
under  these  suggested  courses  than  when  gaining  theii 
training  under  the  experienced  metetmen.  What  has 
been  your  experience  ? 

4.  What  is  the  best  procedure  for  the  meterman  in  training? 

Should  he  start  testing  on  consumer's  premises  or  in 
the  mefer  shop? 

5.  Should  the  course  be  on  the  company's  or  employee's  time, 

or  should  the  company  and  employee  share  equally  in 
giving  their  time  for  instructions  ? 

6.  Should  the  examinations  be  oral  or  written  ? 

7.  Should  the  training  be  universal  for  any  position  in  the 

Meter  Department,  or  should  the  employee  be  trained 
for  a  certain  position  ? 

8.  Should  there  be  any  general  lines  followed  to  arouse  com- 

petition among  the  men  ? 

9.  Is  the  Meterman's  Hand  Book  given,  sold  or  loaned  to  the 

employees? 

10.  What  education  should  a  man  have  before  being  em- 

ployed in  the  Meter  Department? 
The  following  are  outlines  of  typical  courses  selected  from 
several  that  were  found  to  be  in  use. 

Course  No.  1 

Our  method  for  training  young  men  for  meter  testing  has 
been  as  follows : 

The  helper  is  first  sent  out  with  a  meter  tester,  in  order  to 
get  acquainted  with  the  general  conditions  of  the  work  and  the 
method  of  procedure  followed  in  connection  with  the  testing  on 
the  customer's  premises. 

He  is  then  transferred  to  the  meter  shop  where  he  works 
with  an  inside  tester  in  order  to  get  a  better  knowledge  of  the 
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mechanical  construction  of  the  meter,  methods  of  adjustments 
and  the  causes  of  inaccuracies. 

He  is  then  sent  outside  again  and  works  with  one  of  the  older 
testers,  who  spends  a  good  deal  of  his  time  instructing  him  in 
r^[ard  to  the  general  procedure  of  the  test.  After  the  tester  re- 
ports to  his  foreman  that  the  helper  is  getting  a  fair  understanding 
of  the  work,  he  is  allowed  to  test  a  meter  or  so  a  day  under  the 
direction  of  the  tester.  The  foreman  keeps  in  touch  with  his 
work  and,  as  he  becomes  more  proficient,  the  foreman  gives  hira 
an  examination  to  see  if  he  is  ready  to  start  out  by  himself. 

We  made  a  rack  on  which  we  have  mounted  di^'*''^"t  types 
of  meters  which  we  use  for  demonstration  purpos.  n  the 

older  testers  report  that  the  helpers  working  with  them  are  likely 
candidates  for  testers,  one  of  the  foremen  will  take  several  and 
have  them  demonstrate  on  the  meters  installed  on  this  rack  how 
they  jump  the  diflferent  types  of  meters,  how  they  make  connec- 
tions for  testing,  how  they  do  the  mechanical  work  on  the  meters 
and  explain  the  generarprocedure  followed  in  testing.  The  fore- 
man will  take  up  with  them  and  explain  different  wiring  prob- 
lems such  as  meters  and  equipment  wired  incorrectly,  including 
current  coils  wired  in  opposition,  load  connected  to  service  side 
of  meters,  etc.  The  foreman,  will  also  assist  them  on  any  of  the 
points  on  which  they  need  further  instructions. 

The  next  step  is  for  the  foreman  to  give  the  helper  a  final 
examination,  which  he  must  pass  to  the  satisfaction  of  the  fore- 
man before  he  is  sent  out  by  himself.  This  examination,  which 
is  an  oral  one,  covers  the  work  in  general  and  includes  questions 
regarding  wiring,  connections  for  test,  maintenance  work,  test- 
ing formulae,  filling  out  test  cards,  etc.  Most  of  the  questions  are 
taken  from  the  chapter  in  the  Meterman's  Hand  Book,  "Ques- 
tions for  Metermen." 

After  the  helper  has  passed  his  examination  and  is  sent  out 
to  work  as  a  tester,  the  foreman  Jceeps  in  close  touch  with  his 
work  and  picks  him  up  several  times  during  the  first  month  in 
order  to  give  him  additional  instructions  under  actual  working 
conditions. 

During  the  three  stages  of  his  training  he  is  attending  the 
classes  which  we  hold  once  a  week  for  a  twelve-week  period. 
These  classes  are  held  each  Monday  evening  and  last  an  hour  and 
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a  half,  three-quarters  of  an  hour  on  the  company's  time  and 
three-quarters  of  an  hour  on  the  employee's  own  time.  They 
consist  largely  of  a  course  of  lectures  and  were  arranged  with  a 
view  of  bringing  out  the  practical  points  which  a  young  man 
must  know  in  order  to  test  meters  satisfactorily.  In  connectipn 
with  the  classes,  an  effort  is  made  to  encourage  the  young  man  to 
ask  questions  and  bring  up  different  points  for  discussion. 
The  following  is  an  outline  of  the  lessons : 

1.  Talks  to  the  men  in  reference  to  their  relations  to  custo- 
mers and  on  the  work  of  the  Meter  Department  in  general  and 
the  relationof  the  Department  to  other  departments  of  the  com- 
oanv^^  ^  //»     1  practical  lessons  in  metering. 

2.  Elements  of  Electricity — 

Magnets, 

Electromagnets, 

Units  of  measuring. 

Definitions  of  ampere,  volt  and  ohm. 

Ohms  law,  application  of  the  law, 

Fundamental  principles  of  a  generator,  etc. 

3.  Services — 

Service  switches  and  cutouts, 
House  fuses* 
Protective  devices, 
Installation  methods, 
Wiring  diagrams, 
Meter  locations. 

4.  Meter  G)nstruction,  Direct  Current  Meters — 

Thomson  Type  M, 
Thomson  Type  C-6. 

This  includes  the  principle  of  operation,  description  of  dif- 
ferent parts,  and  internal  connections  of  meters. 

5.  Meter  Construction,  iTirect  Current  Meters  continued-— 

Thomson  Type  CS-2  and  Type  CS-3  meters, 
Thomson  Type  CS  meters, 
Sangamo  Type  D-5  meter. 
This  includes  the  principle  of  operation,  description  of  dif- 
ferent parts,  and  internal  connections  of  meters. 
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6.  Testing  Direct  Current  Meters — 

Necessity  for  testing, 
Frequency  of  tests, 
Testing  methods, 
Instruments  and  equipment. 
Procedure  of  test. 
Testing  formulae. 

7.  Testing  Direct  Current  Meters — 

Causes  of  inaccuracies,   internal  and  external  con- 
ditions, 
Creeping, 

Causes  of  creeping. 
Methods  of  adjustments. 

8.  Meter  Construction,  Alternating  Current  Meters — 

Single  phase,  induction  meters. 

Multiphase,  induction  meters. 
This  includes  the  principle  of  operation,  description  of  dif- 
ferent parts  and  internal  connections  of  meters,  current  and 
potential  transformers. 

9.  Testing  Alternating  Current  Meters — 

Frequency  of  tests. 

Testing  methods    for   single   phase   and   multiphase 

meters, 
Instruments  and  equipment, 
Procedure  of  test, 
Testing  formulae. 

10.  Testing  Alternating  Current  Meters — 

Causes  of  inaccuracies, 

Internal  and  external  conditions. 

Creeping, 

Humming, 

Causes  of  creeping. 

Methods  of  adjustments. 

11.  Maximum  Demand  Meters — 

Types  of  Demand  Meters, 

Principle  of  operation. 

Classes  of  service  to  which  they  are  adapted. 

Inspections  and  tests. 
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12.  Care  of  Testing  Equipment — 
Calibration  of  instnunents, 

Care  in  the  use  of  instruments  and  equipment  and 
precautions  to  be  taken  in  their  use. 
In  addition  to  the  electrical  and  mechanical  features  of 
meter  testing,  we  find  it  necessary  to  give  the  men  a  certain 
amount  of  instruction  in  regard  to  filling  out  test  cards  and  mak- 
ing out  reports  satisfactorily,  and  during  the  classes  on  the  pro- 
cedure of  testing  on  both  direct  and  alternating  current  meters 
we  spend  some  time  on  these  subjects. 

Course  No.  2 

Our  training  is  divided  into  three  general  parts : 

1.  The  apprentice  is  sent  out  as  helper  with  an  experienced 
outside  tester  for  a  period  of  six  months. 

2.  Course  of  intensive  training  in  the  meter  shop. 

3.  Outside  testing  work  under  the  supervision  of  an  in- 

structor. 

Work  under  the  first  division  as  helper  consists  of  working 
under  various  men  and  on  various  classes  of  outside  work.  The 
helpers  are  expected  to  absorb  as  much  information  as  possible 
and  are  given  two  written  examinations,  the  first  after  one  month 
and  the  second  after  two  months'  experience.  ' 

When  the  apprentice  is  transferred  to  the  shop,  a  log  sheet 
is  started  for  him,  on  which  is  entered  a  record  of  the  date ;  the 
kind  of  work  to  which  he  is  assigned ;  the  dates  on  which  any 
'  coaching  or  instructions  are  given,  and  a  brief  note  of  their  na- 
ture ;  who  g^ves  the  instructions ;  and  a  record  of  the  check  tests 
taken  on  the  tester's  meters.  The  purpose  of  the  log  sheet  is  to 
systematize  the  coaching  as  well  as  to  furnish  a  record  of  the 
progress  and  ability  of  the  tester.  This  log  sheet  is  referred  to 
the  superintendent  monthly. 

The  apprentice  is  assigned  to  alternating  or  direct  current 
work,  as  may  appear  best  in  the  judgment  of  the  shop  foreman 
as  the  necessity  of  the  work  dictates.  In  some  cases  it  may  be 
best  not  to  assign  a  tester  permanently  until  foreman  has  become 
acquainted  with  his  ability. 

After  a  tester  has  been  working  two  weeks  in  the  shop,  be 
is  given  one  week's  experience  in  the  meter  repair  room.    While 
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in  the  repair  room  he  takes  apart  and  reassembles  at  least  one 
sample  of  each  type  of  meter  in  use. 

A  direct  current  tester  is  given  at  least  one  week's  experi- 
ence on  alternating  current  meters  before  being  turned  over  to 
the  Outside  Testing  Division,  and  vice  versa.  All  testers  are 
given  two  days'  instructions  in  the  laboratory  in  the  method  of 
testing  direct  and  alternating  current  ammeters,  voltmeters  and 
rotating  standards,  and  one  day  on  demand  indicator  board.  This 
instruction  immediately  precedes  transfer  of  the  tester  to  the 
Outside  Testing  Division. 

It  is  not  expected  that  the  repair  room  and  laboratory  expe- 
rience or  the  one  week's  experience  of  an  A.  C.  man  on  D.  C. 
work  or  vice  versa  will  qualify  testers  in  those  branches.  It  is 
merely  intended  to  broaden  the  view  of  the  tester. 

At  the  end  of  the  first  and  fourth  month,  the  apprentice  is 
given  a  written  examination.  His  answers  are  corrected  by  the 
foreman  and  coach,  who  then  instruct  him  on  the  points  on  which 
his  answers  are  unsatisfactory.  A  brief  note  of  the  result  of  the 
examination  is  made  on  the  log  sheet,  and  the  examination  sheets 
filed  in  the  tester's  envelope. 

The  plan  at  present  in  force  for  training  apprentices  pro- 
vides for  them  to  answer  graded  examination  questions  and  be 
given  special  coaching  while  in  the  shop.  The  examinations  are 
as  follows: 

First  examination  is  given  to  helpers  after  they  have  had  one 
month's  experience. 

Second  examination  is  given  to  helpers  after  two  months' 
experience. 

Third  examination  is  given  to  inside  testers  after  one  month's 
experience.        ^ 

Fourth  examination  is  given  to  inside  testers  after  two 
months'  experience. 

Some  further  educational  work  is  done  by  loaning  the  Meter- 
man's  Handbook  to  all  new  men,  with  a  request  that  they  refer 
to  it  on  all  puzzling  questions  which  come  up  in  practice. 

The  training  in  the  shop  is  supplemented  by  an  instruction 
book  which  we  have  prepared  covering  general  principles  of  watt- 
hour  meters,  together  with  a  detailed  set  of  data  and  instructions 
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relative  to  all  the  types  of  meters  which  we  use,  including  various 
troubles  and  their  remedies  and  shop-testing  routines.  This  in- 
struction book  goes  into  great  detail  and  is  intended  to  cover 
every  point  which  might  arise  in  the  shop  work.  It  is  intended 
to  be  used  as  a  parallel  and  aid  to  the  shop  instructor  and  also 
as  a  reference  work. 

When  the  apprentice  graduates  to  outside  testing,  he  accom- 
panies an  experienced  man  for  the  first  week,  and  after  that  his 
work  is  carefully  watched  by  the  instructors  or  retest  inspectors. 
We  are  at  present  conducting  a  class  study  of  the  N.E.L.A. 
Course  on  Practical  Electricity  which  is  purely  voluntary  and 
is  attended  by  about  twenty  of  our  men ;  it  is  undoubtedly  of  real 
value.  We  did  not  attempt  to  make  this  class  a  part  of  the  edu- 
cational routine. 

Course  No.  3 

Those  employed  to  train  for  the  ultimate  position  of  meter 
tester  must  be  over  eighteen  years  of  age  and  preferably  have  a 
high  school  education,  or  some  practical  knowledge  of  electrical 
work.  They  must  at  least  have  a  grammar  school  education  or 
one  of  equal  grade. 

The  preliminary  training  of  a  meter  tester  is  first  in  the  posi- 
tion of  an  assistant.  In  this  capacity  he  is  assigned  with  expe- 
rienced testers  on  the  various  classes  of  testing  work.  This  gives 
an  opportunity  for  the  student  to  become  familiar  with  the  funda- 
mental routine  and  details  of  the  campany*s  practice. 

The  progress  of  the  employee  is  reported  periodically  by  the 
testers  to  whom  he  has  been  assigned,  and  if  at  the  end  of'  a 
specified  time,  which  usually  is  from  two  to  three  months,  the 
reports  show  that  the  employee  is  progressing  satisfactorily,  he 
is  selected  for  the  Vocational  Training  Course. 

Before  beginning  the  course  the  employee  is  told  in  detail 
the  requirements  and  conditions  which  necessarily  must  be  fol- 
lowed in  order  to  complete  the  course  satisfactorily.  The  em- 
ployee is  given  to  understand  and  made  to  realize  thoroughly  at 
the  start  that  he  is  to  be  given  an  opportunity  and  that  if  he  does 
not  grasp  it,  the  time  spent  would  be  wasted  for  the  company 
and  for  himself,  and  he  will  be  required  to  seek  emplojrment 
elsewhere. 
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The  course  as  outlined  begins  with  special  reference  to  alter- 
nating current  induction  meters,  the  methods  of  testing  and  in- 
structions in  the  use  of  the  equipment  required.  The  course  is 
arranged  in  ten  lessons,  covering  a  period  of  two  months,  and 
the  class  meetings  are  arranged  for  27  one-hour  sessions.  The 
entire  course  is  given  on  the  company's  time,  and  competent 
experienced  meter  testers,  generally  foremen,  are  used  as 
instructors. 

In  the  class  room  a  testing  board  is  provided  upon  which 
are  mounted  different  types  and  makes  of  meters,  similar  to  those 
in  service.  The  meters  are  installed,  connected  and  wired  ex- 
actly like  customers'  installations.  The  students,  therefore,  have 
the  advantage  of  receiving  instructions  on  meters  and  equipment 
operating  under  conditions  similar  to  those  encountered  while 
testing  meters  in  service. 

At  intervals,  approximately  every  two  weeks,  oral  and  writ- 
ten examinations  are  given  covering  the  work.  The  requirement 
is  that  each  student  must  make  a  mark  not  lower  than  70  per  cent. 

After  completing  the  course  final  examinations  are  given, 
and  if  these  are  passed  successfully  the  student  is  provided  with 
suitable  equipment  for  the  testing  of  alternating  current  meters 
in  service.  For  a  period  of  one  week  he  is  accompanied  by  a 
selected  experienced  meter  tester  who  determines  if  the  man  is 
competent  to  test  alternating  current  induction  type  meters, 
starting  on  those  of  relatively  small  capacity. 

The  tester  reports  the  progress  of  the  employee  during  this 
week  of  training  and,  if  the  work  is  satisfactory,  the  student 
continues  on  his  own  responsibility  for  a  minimum  period  of  not 
less  than  two  months.  At  intervals  during  this  time  the  student 
is  given  oral  examinations  and  is  visited  occasionally  while  test- 
ing on  customer's  premises. 

The  final  step  in  the  employee's  training  includes  two  months 
in  the  meter  shop.  This  covers  the  testing  of  large  capacity  alter- 
nating current  meters,  the  testing  of  direct  current  meters  and 
general  experience  in  repairing  and  reconstructing  meters. 

The  employee  is  then  placed  in  a  permanent  position  as  meter 
tester  and  advanced  further  in  accordance  with  his  ability  and 
development. 
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1 — General. 

(a)  Address  by  the  Superintendent  of  the  Division,  giv- 
ing broadly  the  purpose  of  the  course  and  the  out- 
line of  the  plan. 

(b)  References  for  study: 
Metermen's  Handbook  N.E.L.A. 
Electrical  Meters,  Jansky. 

Applied  Electricity   for   Practical   Men,   Rowland 
Engineering  Department  Handbook. 
Meter  Code,  A.E.I.C. 
2 — Units  and  Definitions. 

(a)  Definitions  of  fundamental  imits,  amperes,  volts, 
watts,  etc. 

(b)  Applications  of  units  and  practical  problems. 
3 — Watthour  Meters 

(a)  Watthour  meters,  description,  functions  and  no- 
menclature. 

(b)  Rating,  amperes,  volts  and  wire  of  the  meter. 

(c)  System  of  numbering  the  meters  serially. 

(d)  The  test  constant  and  register  constant. 

(e)  The  meter  register  and  its  function. 

(f)  How  to  read  meters. 

4 — Standard  and  Testing  Equipment. 

(a)  Instruments  and  auxiliary  equipment  for  testing. 
Description  and  function  of  the  rotating  standard. 
Loading  devices  and  use  of  tools. 

(b)  The  care  of  the  instruments,  equipment  and  tools. 
5 — Connections  of  Meters  and  Testing  Equipment. 

(a)  Rotating  standard. 

(b)  Loading  devices. 

(c)  The  interconnection  of  the  meter,  rotating  standard 
and  load  device. 

(d)  Connections  of  apparatus  to  the  circuit. 

(e)  Meter  connections  to  circuit  and  load. 
6— Calculations. 

(a)  Determination  of  the  ratio  of  the  meter  revolution 
to  the  revolutions  of  the  standard. 
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(b)  The  testing  formula,  calculations  and  application 
of  mathematics. 

(c)  Instruction  in  use  of  the  slide  rule. 
7 — ^Records  and  Reports. 

(a)  The  importance  of  accurate,  thorough  and  reliable 
records  and  reports. 

(b)  Special  reports  of  conditions  encotmtered. 

(c)  Description  and  use  of  the  department  forms. 

(d)  Method  of  recording  results  of  test. 
8 — Testing  of  Meters. 

(a)  Inspection  of  service  wires  and  meter  connections. 

(b)  Explanation  of  tampering,  cases  and  methods  of 
detection. 

(c)  Records  tp  be  made  before  meter  is  opened. 

(d)  Cleaning  of  cover  and  interior  of  meter. 

(e)  Connecting  of  equipment  to  the  meter. 

(f)  Interruptions  to  customer's  service. 
9 — Determination  of  Meter  Accuracy. 

(a)  Loads  to  be  used. 

(b)  Method  of  determining  the  accuracy  of  the  meter 
under  test. 

(c)  Accuracy  limits. 

(d)  Causes  of  meter  inaccuracy. 

(e)  Detection  of  faults  and  how  to  remedy. 

(f)  Calibration  of  meters  to  proper  accuracy. 

(g)  Adjustments. 

10 — Installation  and  Metering  Methods. 

(a)  Standard  types  of  meter  installations. 

(b)  Protective  devices  and  standard  testing  blocks  for 
safety  and  ease  of  testing. 

(c)  Standard    methods    of    wiring    various    types    of 
meters. 

(d)  Qass  of  service  to  be  metered. 

(e)  Kind  of  contracts. 

Conclusion  : 

4 

1 — ^Written  and  oral  examinations  covering  the  course. 
2 — ^Department  instructions  to  employees. 
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3 — Attitude  of  meter  testers  to  customers. 

A — Instructions  in  service  meter  testing  with  experienced 

meter  testers. 
5 — Instructions  in  meter  shop,  repairing  and  testing  new  and 

used  meters. 

BRIEF  COURSE  FOR  MBTERMEN 

In  connection  with  the  foregoing  discussion  of  courses  pre- 
pared by  companies  for  training  their  meter  testers,  it  seems  of 
value  to  report  concerning  a  short  course  for  metermen,  which 
was  held  at  the  Iowa  State  College  at  Ames,  Iowa,  in  February, 
1919.  An  outline  of  the  way  in  which  the  course  was  conducted 
was  obtained  from  Prof.  T.  D.  Paine,  who  states  that  the  ques- 
tions were  based  largely  on  the  data  in  the  Electric  Metermah's 
Handbook : 

Preliminary: — Letters  were  written  to  all  electric  light 
and  power  companies  in  Iowa  asking  them  to  send  men.  It  was 
specified  that  the  course  would  be  only  four  days  in  length  and 
would  take  up  only  two-wire  meters.  Some  twenty  companie.*? 
responded,  stating  they  would  send  one  or  two  men. 

Cost  to  Metermen: — No  expense  except  board  and  room. 
Tuition  was  free. 

Registration: — ^Thirty-five  men  registered  from  various 
parts  of  the  state.  They  all  asked  for  instructions  relative  to 
two-wire  single-phase  meters. 

Equipments : — Watthour  meters,  rotating  standards,  load- 
ing devices  from  manufacturing  companies.  To  these  were 
added  lamp  bank  loads  and  metermen's  repair  kit  tools  and  ap- 
paratus. 

Arrangement  of  Wiring: — Benches  with  backs  were  ar- 
ranged on  two  sides  of  a  large  room.  Service  switches  and  fuse 
blocks  were  wired  to  service  wires,  but  meters  were  not  wired  in. 
The  meters,  when  wired  in,  were  connected  as  in  service.  Two 
men  worked  together  on  one  meter. 

Methods  of  Instructions: — Lectures,  testing,  questions  for 
outline. 

Periods  of  Instruction:—^  A.M.  to  9  A.M.,  1  P.M.  to 
2  P.M. 
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Periods  for  Testing:— 9  A.M.  to  12  M.,  2  P.M.  to  6  P.M. 

Lectures  by  Meter  Experts: — Evenings. 

Outline  of  Instruction  and  Testing: — First  lecture,  funda- 
mental units  of  electricity,  such  as  amperes,  volts,  resistance,  fre- 
quency, etc. 

Test  Period: — Taking  various  meters  apart  and  studying 
the  important  features  of  construction. 

Second  Lecture: — Construction  of  watthour  meters,  show- 
ing by  demonstrations  the  purpose  of  each  part.  Test  period, 
assembly  of  meters. 

Third  and  Fourth  Lectures: — Full  load,  light  load  and 
power  factor  adjustments  on  different  makes  of  meters.  Test 
period;  wiring  of  meters  and  examination  and  changing  of  full 
and  light  load  adjustments.     Wiring  in  of  rotating  standard. 

Fifth  and  Sixth  Lectures: — Method  of  testing  meter  by 
comparing  with  rotating  standard.  Calculation  of  per  cent  regis- 
tration.   Test  period:  continuation  of  above. 

Seventh  and  Eighth  Lectures : — Factors  which  affect  regis- 
tration of  meter  in  service,  repair  of  meter,  etc.  Test  period :  va- 
rious faults  were  placed  in  meters  and  the  metermen  had  to  lo- 
cate and  remove  them. 

Evening  Meetings : — Lectures  and  discussions  by  meter  ex- 
perts from  manufacturing  companies.  Very  interesting  discus- 
sions followed  these  lectures. 

General  Opinion  of  Those  Concerned: — Results  satisfac- 
tory. Some  have  asked  that  longer  and  more  advanced  course  be 
offered.  Others  want  courses  twice  a  year.  Some  want  work  on 
maximum  demand  and  indicating  meters;  some  want  work  on 
polyphase  and  3-wire  meters. 

The  Engineering  Extension  Department  believes  that  it  can 
work  out  successful  courses  along  these  lines.  It  is  likely  that 
the  future  courses  will  cover  a  longer  period  and  will  include 
all  kinds  of  testing,  so  that  a  student  can  arrange  to  take  just 
what  he  desires.  It  may  also  be  arranged  that  the  courses  will 
be  offered  in  the  larger  central  cities  throughout  the  state,  where 
groups  of  sufficient  number  can  be  secured  to  warrant  the  course. 
The  College  is  receiving  reports  from  day  to  day  giving  the  ideas 
of  the  men  as  to  what  they  wish. 
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INSTRUMENT  TRANSFORMER 

Test  Practice  and  Performance 

In  order  to  determine  the  practice  of  the  various  member 
companies  with  regard  to  instrument  transformers,  the  Commit- 
tee sent  communications  to  a  number  of  the  member  companies 
and  to  manufacturing  compahies  asking  for  information  relative 
to  the  methods  employed  in  testing,  the  frequency  of  test,  and 
other  factors  affecting  the  usage  of  instrument  transformers. 

Considerable  diversity  was  found  in  the  test  methods  em- 
ployed, and  in  only  two  or  three  instances  was  there  anything  in 
the  way  of  new  developments.  The  proposition  of  testing  trans- 
formers was  taken  up  in  considerable  detail  in  the  Meter  Com- 
mittee Report  for  1916.  Several  methods  both  for  current  and 
potential  transformers  are  given  in  this  report,  and  many  of  the 
member  companies  reported  the  use  of  one  or  more  of  these 
methods. 

In  summarizing  the  situation,  it  may  be  said  that  the  manu- 
facturer's laboratories  and  the  commercial  standardizing  labora- 
tories incline  toward  the  use  of  primary  test  methods,  i.e.,  meth- 
ods by  which  the  constants  of  a  transformer  are  determined  di- 
rectly from  measurements  on  the  transformer  itself.  The  opera- 
ting companies,  however,  quite  generally  reported  the  use  of  sec- 
ondary methods,  that  is,  methods  in  which  a  transformer  is  tested 
by  comparison  to  a  standard  transformer  that  has  previously 
been  standardized  by  a  primary  method. 

Primary  Methods 

Of  the  primary  methods  the  one  most  frequently  reported 
was  the  so-called  shunt  or  potentiometer  method. 

For  potential  transformer  tests  by  this  method  a  non-induct- 
ive resistance  of  large  value  is  connected  across  the  primary  of 
the  transformer  to  be  measured,  and  the  secondary  voltage  is 
balanced  against  the  voltage  drop  across  a  portion  of  this  resist- 
ance. The  ratio  then  is,  practically  speaking,  proportional  to  the 
total  value  of  the  resistance  divided  by  the  portion  connected 
to  the  secondary  circuit. 

For  current  transformer  tests  by  this  method,  a  fixed  non- 
inductive  resistance  is  inserted  in  the  primary  circuit  of  the  trans- 
former under  test,  and  an  adjustable  non-inductive  resistance 
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in  the  secondary.  Th^  test  is  made  by  adjusting  the  secondary 
resistance  until  a  balance  is  obtained  between  the  voltage  drop 
across  this  resistance  and  across  the  primary  resistance.  Under 
this  condition  the  ratio  is  inversely  proportional  to  the  values  of 
resistance  in  the  primary  and  secondary  circuits. 

In  a  general  way  this  explains  the  principles  of  the  potentio- 
meter method  in  so  far  as  ratio  tests  are  concerned,  but  many 
additional  factors  must  be  taken  into  account  in  making  the  tests 
to  secure  a  proper  balance.  The  voltage  drops  in  the  primary 
and  secondary  circuits  of  the  test  apparatus  are  usually  not 
exactly  in  phase  and  to  bring  about  the  condition  of  exact  bal- 
ance, a  quadrature  component  is  introduced  in  the  test  circuit 
to  balance  the  components  of  the  differences  which  cannot  be 
balanced  by  direct  opposition.  By  computing  the  value  of  this 
quadrature  voltage,  the  phase  angle  as  well  as  the  ratio  of  the 
transformers  under  test  may  be  determined. 

The  greatest  variation  in  the  potentiometer  or  shtmt  method 
as  reported  was  in  the  type  of  indicator  or  detector  used  to 
determine  balance;  at  least  three  diflferent  kinds  of  instruments 
are  used  for  this  purpose.  The  Bureau  of  Standards  employs  a 
vibration  galvanometer,  i.e.,  a  galvanometer  sensitive  to  alter- 
nating current.  The  Electrical  Testing  Laboratories  employ  a 
direct  current  galvanometer  with  a  synchronous  contactor  in  its 
circuit,  the  fimction  of  this  contactor  being  to  reverse  in  direc- 
tion each  half-cycle.  This  practically  rectifies  the  alternating 
current  voltage  waves  and  gives  a  continuous  current  for  the  gal- 
vanometer circuit;  hence  the  direct  current  galvanometer  may  be 
employed.  The  third  kind  of  indicator  reported  was  a  separately 
excited  d3mamometer  connected  to  a  phase  shifting  transformer. 
This  device  is  sensitive  to  alternating  current  and  its  excitation 
is  adjusted  in  phase  position  by  means  of  phase  shifter  to  give 
the  required  test  values  for  ratio  and  phase  angle  determination. 

One  large  manufacturing  company  reported  the  use  of  the 
mutual  inductance  method  for  testing  current  transformers.  This 
method  resembles  very  closely  the  potentiometer  method  referred 
to,  except  that  inductances  are  introduced  in  the  primary  and 
secondary  respectively  of  the  transformer  under  test,  that  for 
the  secondary  circuit  being  adjustable,  and  a  balance  is  obtained 
for  the  voltages  induced  on  the  secondary  of  these  inductances. 
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The  advantage  claimed  for  the  mutual  inductance  method  as  com- 
pared to  the  shtmt  or  potentiometer  method  is  that  a  much  higher 
voltage  can  be  utilized  for  the  indicator  circuit,  without  loading 
the  transformer  appreciably.  The  indicator  used  by  this  manu- 
facturer is  a  direct  current  galvanometer  with  a  synchronous 
contactor. 

One  method  reported  by  a  member  company  that  may  be 
considered  a  primary  method  is  the  Test  Ring  Method.  This  is 
described  in  the  A.I.E.E.  Proceedings  for  September,  1918,  page 
1173,  in  an  article  by  Mr.  H.  S.  Baker.  In  its  application  a 
special  transformer  or  test  ring  is  connected  with  its  primary 
and  secondary  respectively  in  series  with  the  primary  and  sec- 
ondary of  the  current  transformer  under  test.  The  number  of 
turns  in  the  secondary  of  the  test  ring  is  varied  until  they  bal- 
ance the  number  of  turns  in  the  primary  and  the  ratio  of  trans- 
formation is  then  inversely  proportional  to  the  number  of  turns 
in  the  primary  and  secondary  circuits.  The  method  of  determin- 
ing the  balance  is  by  the  use  of  a  separate  or  exploring  winding 
on  the  same  core  as  the  test  windings.  When  there  is  an  unbal- 
ance in  the  two  test  windings,  there  will  be  a  resultant  flux  which 
will  induce  a  voltage  in  this  test  winding.  In  general  it  is  not 
possible  to  obtain  an  absolute  balance,  and  both  ratio  and  phase 
angle  may  be  determined  from  the  voltage  in  this  winding  by 
using  for  measurement  a  special  wattmeter  with  excitation  cur- 
rent from  at  least  two  phases  of  a  polyphase  source  of  supply. 
For  the  exact  method  of  making  the  test  and  of  making  calcula- 
tions, the  reader  is  referred  to  the  article  mentioned. 

One  large  manufacturer  reports  that  constants  for  potential 
transformers  were  calculated  from  formulae  given  in  the  Bureau 
of  Standards*  publication  No.  211,  based  upon  accurate  measure- 
ments of  resistance,  reactance,  iron  loss,  exciting  current,  and 
ratio  turns. 

Secondary  Methods 

One  member  company  reports  considerable  advance  and  de- 
velopment in  a  new  secondary  method  termed  the  differential 
method.  This  is  similar  to  the  indicating  wattmeter  method  de» 
scribed  by  Mr.  H.  B.  Brooks  in  Bureau  of  Standards'  Publication 
No.  217.     The  member  company,  however,  has  developed  the 
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method  to  a  much  greater  extent  and  has  constructed  a  special 
testing  instrument  so  that  the  method  may  be  used  for  either 
current  or  potential  transformer  tests. 

Briefly  described,  comparison  is  made  between  a  transformer 
under  test  and  a  standardized  transformer  of  the  same  nominal 
ratio  by*  measuring  the  vector  diflference  in  current  or  voltage 
(current  for  current  transformers  and  voltage  for  potential 
transformers)  on  a  separately  excited  dynamometer  of  high  sen- 
sitivity. Under  the  most  favorable  test  conditions,  a  two-phase 
or  quadrature  source  of  excitation  is  employed,  and  the  instru- 
ment is  so  calibrated  that  in  the  case  of  potential  transformer 
tests  differences  in  ratio  and  phase  angle  of  the  transformer  under 
comparison  may  be  read  directly  from  the  scale  of  the  instru- 
ment. The  correct  test  values  for  the  transformer  under  test 
are  then  obtained  by  adding  or  subtracting  these  differences  to 
the  constants  for  the  standard  transformer. 

For  current  transformers,  the  instrument  is  not  calibrated 
so  as  to  be  direct  reading  for  all  values  of  secondary  current.  It 
is  necessary  to  multiply  the  scale  reading  by  a  constant,  depending 
upon  the  values  of  secondary  current  for  the  test  conditions.    . 

The  advantages  claimed  for  this  method  are  the  ease  and 
the  small  expense  at  which  the  tests  can  be  made.  Its  accuracy 
is  sufficient  for  all  commercial  purposes,  as  has  been  determined 
by  careful  checks  against  recognized  standardizing  laboratories. 
Because,  beyond  the  adding  of  correction  factors  to  the  constants 
given  for  the  standard  transformer,  and  in  some  cases  multiply- 
ing these  values  by  some  even  figure,  all  calculations  are  elimi- 
nated, the  method  is  more  rapid  in  its  application  than  any  method 
having  a  high  degree  of  accuracy  previously  devised. 

When  employing  the  differential  method,  either  current  or 
potential  transformers  may  be  tested  for  ratio  from  a  single 
phase  source;  but  a  polyphase,  preferably  a  two  phase,  source 
of  e.m.f.  is  required  for  phase  angle  determination. 

Summary  of  Testing  Practice 

Nearly  all  of  the  companies  represented  by  members  of  the 
Committee  are  testing  prior  to  their  installation  all  current  and 
potential  transformers  used  in  connection  with  watthour  meters 
measuring  energy  for  billing  purposes.    The  tests  include  meas- 
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urements  for  ratio  and  phase  angle,  as  well  as  tests  for  polarity 
and  insulation. 

Two  companies  have  their  transformers  checked  by  a  recog- 
nized testing  laboratory  when  purchased  and  before  reinstalla- 
tion in  cases  of  removal. 

Two  companies  are  using  a  ring  method  already  4escribed. 
Eight  are  employing  the  2-watthour  meter  proposed  by  the  Bu- 
reau of  Standards,  and  one  company  is  using  a  differential 
method  for  determining  ratio  and  phase  angle  deviations,  while 
two  companies  are  using  comparison  methods  with  known  stand- 
ards as  a  ready  means  of  determining  approximate  ratio  values 
and  to  detect  large  errors. 

Summary  of  Test  Results: 

The  Committee  has  endeavored  to  secure  from  the  member 
companies  information  relative  to  the  results  obtained  in  trans- 
former testing  as  regards  uniformity  of  product  and  the  effect 
of  aging.  Data  have  been  received  from  both  the  manufacturing 
and  operating  companies.  The  Committee  has  carefully  reviewed 
this  information  and  is  submitting  herewith  summaries  of  the 
data  obtained. 

CURRENT  TRANSFORMERS 

One  operating  company  submitted  data  of  tests  made  on 
over  300  current  transformers  of  different  types.  The  two  rota- 
ting standard  method  of  testing  was  employed  in  making  the 
tests,  but  the  accuracy  figures  here  given  are  not  expressed  in 
terms  of  ratio  of  primary  amperes  to  secondary  amperes.  These 
figures  represent  the  rate  at  which  a  m^ter  initially  correct  would 
run  if  connected  to  the  secoridary  of  the  transformers.  The 
average  values  as  taken  from  the  series  of  tests  are  given  here- 
with. 

TYPE  OF  TRANSFORMERS 


K-28 

D-20 

E-18 

K-S 

K-48 

K-5S 

62 

40 

54 

83 

149 

No.    of    transformers 

Full  Load 

(a)  Average    accuracy..  101. 5        101.5        100.1        100.8       100.7 

(b)  Average     deviation 

from    (a) 4  .2  .1  .1  .2 

(c)  Max.  deviation  from 

^  (a)    1.0  .5  .6  .7  .5 
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,,       ,  ,  D-20         E.18         K-5         K^        K-SS 

No.  of  transformers  62  40  54  S3  149 

10%  Load 

(d)  Average  accuracy ..  101 . 5        101.4       100.2         99.8       100.2 

(e)  Average^    deviation 

from    (d) 6  .3  .4  .3  .2 

(f)  Max.  deviation  from 

or.    .^„J^^)    ^-7  11  1.5  2.7  .8 

P.F  .5  Full  Rattng  Current 

(g)  Average  accuracy  ..102.0        102.3        101.1        100.8        101.1 
(h)  Average    deviation 

from   (g) 7  .6  .5  .4  .5 

(i)  Max.  deviation  from 

(g) 2.2  1.1  1.1  1.5  1.5 

Another  operating  company  submitted  results  of  tests  on 
fifty  eadi  of  three  types  of  current  transformers  selected  indis- 
criminately and  tested  imder  identical  conditions.  The  following 
is  a  summary  of  the  results : 

Per  Cent 

Current  Per  Cent  Ratio  Accuracy 

Rating  Tyi)eW2      TypeK48     TypeK28 

Minimum    5  99.48            99.36  100.05 

Maximum   5'  100.69           100.97  101.80 

Maximum  Deviation 5  1.21               1.61  1.75 

Minimum  10  99.46            99.33  99.66 

Maximum    10  100.53          100.50  101.30 

Maximum  Deviation 10  1.07              1.17  1.64 

Minimum 100  99.41             98.71  98.48 

Maximum   100  99.95            99.59  99.75 

Maximum  Deviation 100  .54                .88  1.27 

Phase  Angle 

Minimum    5  -|-               14'      —        8'  —    5' 

Maximum  5  -f-              50*      -f-      51'  -|-  30' 

Maximum  Deviation 5  36'               59'  35' 

Minimum    100  —                1'      —      11'  —  17' 

Maximum  100  +               11'      +        7'  +     1' 

Maximum  Deviation 100  12'                18'  18' 

The  current  rating  of  the  W-2  Transformers  ranged  from 
15  amperes  to  800  amperes,  that  of  the  K-48  Transformers  from 
5  amperes  to  200  amperes,  and  that  of  the  K-28  Transformers 
from  40  amperes  to  600  amperes. 

Potentiml  TransformerB 

A  report  on  the  imiformity  in  test  values  of  potential  trans- 
formers was  made  by  one  member  company.  Fifty  each  of  two 
types  of  potential  transformers  were  selected  indiscriminately 
and  tested  under  identical  conditions.  The  following  is  a  sum- 
mary of  the  results : 

Tech. 
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Per  Cent  Per  Cent  Ratio  Accuracy 

Load  Type  ND  Type  CQ 

Minimum 0  98.92  99.36 

Maximum    0  100.88  100.14 

Maximum  Deviation 0  1.96  .78 

Minimum    100  100.33  100.33 

Maximum    100  101.93  101.82 

Maximum  Deviation 100  1 .  60  1 .  49 

The  type  ND  transformers  were  rated  600  volt-amperes,  20 
to  1  ratio,  and  the  type  CQ  transformers  were  rated  200  volt- 
amperes,  70  to  1  ratio. 

Defective  Transformers 

While  the  majority  of  transformers  of  approved  types  are 
within  proper  limits  of  accuracy  and  properly  insulated  when  re- 
ceived, some  member  companies  report  the  occasional  receipt  of 
transformers  not  within  the  allowable  limits  of  accuracy,  and  in 
some  cases  transformers  are  found  defective  in  insulation. 

Period  of  Tests 

In  many  cases  the  member  companies  have  a  five-year 
period  of  test  for  instrument  transformers  of  various  types, 
although  it  is  the  practice  of  one  company  to  test  current  trans- 
formers over  200  amperes  capacity  and  all  current  and  potential 
transformers  used  on  primary  installations  every  three  years, 
while  other  instrument  transformers  are  tested  every  five  years. 

The  Public  Service  Commission  for  the  First  District  of 
New  York  on  May  23,  1917,  made  the  following  ruling* — Case 
No.  2202,  Section  13.  In  periodic  or  office  tests,  the  calibration 
certificate  of  the  transformer  or  the  shunt  shall  be  dated  within 
a  period  of  ten  (10)  years  preceding  the  time  the  meter  is  tested. 
Section  14.  In  complaint  tests,  the  Commission  will  accept  the 
calibration  certificates  of  the  transformers  or  the  shunts,  pro- 
vided they  are  dated  within  a  period  of  one  year  preceding  the 
time  the  meter  is  tested. 

Member  companies  coming  under  the  jurisdiction  of  thia 
District  are  operating  on  the  approved  ten-year  schedule.  It  is 
also  their  practice  to  test  all  transformers  before  reinstallation 
and  to  make  special  tests  in  the  case  of  complaints. 

Results  of  Periodic  Tests 

Most  of  the  companies  throughout  the  country  report  that 
a  comparatively  small  number  of  instnmient  transformers  have 
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been  retested  on  a  periodic  basis,  owing  to  the  number  of  years 
between  the  testing  periods  and  to  the  fact  that  the  time  for 
retests  for  a  number  of  companies  is  about  due,  also  that  few 
schedules  have  been  fully  maintained  during  the  war  period. 
There  is,  therefore,  but  little  information  available  from  which 
to  draw  conclusions. 

One  of  the  member  operating  companies  submitted  records 
of  a  series  of  tests  made  on  thirty-one  D-20  current  transformers 
at  intervals  of  from  five  to  nine  years.  The  average  interval 
between  tests  for  the  thirty-one  transformers  was  6.7  years. 

This  company  employs  in  testing  the  two  rotating  standard 
method.  In  the  results  submitted,  accuracy  is  expressed  in 
terms  of  the  rate  at  which  a  meter  initially  correct  would  rim  if 
connected  to  the  secondary  of  the  transformer.  Following  is  a 
stunmary  of  the  entire  series  of  tests: 

PERCENTAGE  OP  ACCURACY 

Years  Full  Current  10%  Current 

Interval  Load,  Unity  Power  Load,  Unity  Power  Full  Current  Load, 
Between  Factor  Factor  50%  Power  Factor 

Tests        

1st  Test    Last  Test      1st  Test  Last  Test      1st  Test     Last  Test 


100.60      100.46 


101.63.    101.58 


Av.  (i.1        101.35     101.39 

One  of  the  large  manufacturing  companies  submitted  results 
on  a  total  of  thirty-seven  transformers  which  had  been  tested  and 
retested  at  intervals  ranging  from  one  to  seven  years.  The  maxi- 
mum deviation  in  ratio  accuracy  between  the  initial  and  the  final 
tests  on  these  transformers  was  0.4  of  1  per  cent,  and  in  j)hase 
angle  25  minutes. 

An  operating  company  submitted  results  of  retests  of  forty- 
four  transformers  of  various  types,  taken  at  intervals  from  less 
than  one  to  more  than  seven  years.  The  results  of  these  tests 
are  given  in  the  following  tabulation: 


Form 

E-18 

D-20 

K-6 

K-8 

K-28 


Rating 
Amp. 

3000 
200-600 
200-400 

30-800 

400 


No. 
Trans. 
4 
10 
10 
10 
10 


Average  Period 
Between  TesU 

Yr.     Mo. 
1         4 


Arerage  Percentage  Change  in  Ratio 


2 
3 
4 
2 


10% 
Current 
Rating 

-t-  .21 

+  .20 

+  .45 

—  .30 

+  .52 


50% 
Current 
Rating 

4-  .15 

+  .10 

+  .62 

—  .04 

4-  .39 


100% 
Current 
Rating 

4-  .08 

4-  .13 

+  .59 

—  .19 

+  .34 


Change  in  Phase  Angle      10%    —.24%    —14%    —.10       —03 


14 


Digitized  by 


Google 


452 

The  results  submitted  do  not  show  any  marked  change  in 
transformer  accuracy  due  to  aging,  but  the  number  of  tests  is 
not  sufficient  to  warrant  any  conclusions. 

Methods    of    i^plsring  Correctiont  to  Instruments  and  Watthonr 
Meters  When  used  in  Connection  with  Instrument  Transformen 

For  applying  corrections  to  instruments  and  watthour  meters 
used  in  connection  with  instrument  transformers,  some  member 
companies  are  using  formulae  which  are  easier  to  apply  than  those 
previously  presented,  and  at  the  same  time  sufficiently  accurate 
for  the  purposes  desired.  Calculations  by  these  short-cut  formulae 
become  a  mental  instead  of  a  long-hand  operation.  They  are 
easily  understood  and  can  be  readily  employed  by  the  average 
meter  tester.  Their  accuracy  is  closer  than  0.05  of  1  per  cent 
in  the  case  of  transformers,  acceptable  in  accordance  with  the 
regulations  of  the  meter  code,  that  is,  transformers  whose  accu- 
racy is  within  2  per  cent.    They  are  given  herewith  in  detail. 

Condition  No.  1 — Using  One  Transformer  Only 
Procedure: 

(1)  Determine  the  percentage  of  accuracy  of  the  trans- 
former ratio  by  dividing  the  ratio  obtained  in  test 
by  the  nominal  or  rated  ratio  and  multiplying  this 
result  by  100. 

(2)  Set  the  meter  as  an  individual  meter  to  nm  at  this 
percentage  of  accuracy. 

Example:     Assume  that  a  transformer,  the  nominal  ratio  of 
»  which  is  40  to  1,  shows  in  test  at  a  given  load  an 

actual  ratio  of  40.2  to  1.    The  percentage  of  accu- 
racy in  ratio  is 
40.2 

X   100=100.5  per  cent 

40 
The  meter  for  this  point  then  should  be  set  for 
100.5  per  cent  accuracy. 

Accuracy  at  Other  Points: 

It  is  not  always  possible  to  set  a  meter  so  that  it  will 
give  an  accuracy  of  100  per  cent  throughout  its  entire  load 
range  when  used  in  connection  with  a  given  transformer.  The 
percentage  of  accuracy  at  any  point  may  be  determined,  however, 
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when  the  accuracy  of  the  transformer  ratio  and  of  the  individ- 
ual meter  are  both  known. 
Formula:    Combined  accuracy  of  transformer  and  meter  = 
percentage  of  meter  accuracy  +  100  per  cent  — 
percentage  of  transformer  accuracy. 

Condition  No.  2— -Using  both  Current  and  Potential  Transformers 
Procedure: 

(1)  Determine  the  combined  accuracy  of  current  and 
potential  transformers  by  the  following  formula: 
Combined  accuracy  =  per  cent  of  accuracy  of  cur- 
rent transformer  -f-  percentage  of  accuracy  of  po- 
tential transformer  —  100  per  cent. 

(2)  Set  the  meter  as  an  individual  meter  to  run  at  this 
percentage  of  accuracy. 

Example:  Assume  that  the  percent  of  accuracy  of  the  current 
transformer  is  99.6  and  that  per  cent  of  accuracy 
of  the  potential  transformer  is  98.5.  The  combined 
accuracy  then  =  99.6  -f  98.5  —  100  =  98.1  per 
cent. 

Accuracy  at  Other  Points 

For  the  same  reason  that  a  meter  cannot  always  be  set  to 
give  an  accuracy  of  100  per  cent  throughout  its  whole  range 
when  used  in  connection  with  a  current  transformer,  it  cannot 
always  be  so  set  when  used  in  connection  with  both  current  and 
potential  transformers.  The  combined  accuracy  of  current  trans- 
former, potential  transformer  and  meter  under  the  above  con- 
ditions, may  readily  be  determined  by  the  following  formula: 
Combined  accuracy  =  percentage  of  meter  accuracy 
+    100  per  cent— combined   transformer   accuracy. 

The  above  formulae  follow  very  closely  those  given  in  the 
1917  Meter  Committee  Report,  but  the  calculations  involved 
have  been  simplified. 

Magnetisation  of  Current  Transformers 

Some  data  were  submitted  giving  the  results  of  special  tests 
on  current  transformers  to  determine  the  effect  of  magnetization. 
In  these  tests  the  effect  of  magnetizing  by  three  different  means 
was  investigated : 

1 — By  opening  the  secondary  circuit  with   full  rated 
current  in  the  primary  circuit. 
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2 — ^By  passing  10  times  rated  current  through  the  pri- 
mary   circuit    with    the    secondary    circuit  closed 
through  a  resistance  that  represented  full  load  for 
the  transformers. 
3 — By  passing  rated   direct  current  through  the  sec- 
ondary winding. 
A  table  showing  the  results  of  these  tests  is  given  herewith 
on  page  454. 

MEASUREMENT  OP  MAXIMUM  DEMAND 

The  question  of  maximum  demand  measurement  was  re- 
ferred  to  a  sub-committee  to  investigate  and  report  on  any  new 
methods  or  devices  that  might  have  been  adopted  or  developed 
during  the  past  two  years. 

The  sub-committee  made  a  survey  and  reported  that  the 
manufacturers  had  not  imdertaken  new  developments  to  any 
great  extent  during  the  war  period.  A  survey  of  some  of  the 
operating  companies  and  the  technical  press  indicated  not  so 
much  a  development  of  new  methods  of  measuring  maximum 
demand  energy  as  a  more  careful  consideration  of  such  meas- 
urement, taking  into  account  the  inductive  character  of  the  load. 

Below  is  a  list  which  represents  methods  in  use  or  methods 
suggested  for  use  and  advanced  here  purely  for  the  purpose  of 
discussion : 

(1)  The  use  of  graphic  power  factor  meters  in  connec- 
tion with  watthour  meters  and  maximum  demand 
devices. 

(2)  The  above  use  of  graphic  power  factor  meters  may 
be  periodic,  either  on  a  daily,  weekly  or  monthly 
basis,  or  as  a  permanently  installed  part  of  the  me- 
tering equipment. 

(3)  The  use  of  two  single  phase  watthour  meters  for 
obtaining  a  record  of  the  average  power  factor  on  a 
three  phase  circuit,  these  meters  being  like  the 
graphic  instruments  referred  to  above  in  addition 
to  the  regular  energy  metering  and  demand  equip- 
ment. 

(4  )  The  use  of  a  portable  equipment  consisting  of  two 
single  phase  watthour  meters  to  make  surveys  of 
power   factor  conditions   in   consumer's  premises 
on  a  periodic  basis. 
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(5)  The  use  of  meters  connected  to  measure  the  in- 
ductive component  either  with  or  without  a  de- 
mand device. 

(6)  The  use  on  a  single  phase  basis  of  an  ampere  hour 
meter,  either  with  or  without  a  demand  attachment 
and  a  recording  voltmeter. 

(7)  The  use  of  some  form  of  kv-a.  hour  meter  with  a 
demand  attachment.  Some  of  the  manufacturers 
report  investigation  and  some  progress  along  the 
lines  of  a  kv-a.  hour  meter. 

A  survey  was  made  of  a  number  of  the  operating  companies 
to  determine  the  type  of  demand  apparatus  in  use,  and  sixteen 
companies  advised  that  the  following  types  of  demand  meters 
are  in  use  at  the  present  time: 

4    Using  Wright  Demand  meters 

1  "      Type  H      " 

2  "      Maxicaftor  Demand  meters 

8  "  M-2,  M-4  and  M-5  Demand  meters 

1  "  Type  W  Demand  meters 

2  "  Type  G 
7  "  Type  P 
1  "  Relay 

3  "  Type  R.  O.  Demand  meters 
6  "  Graphic  &  Curve  Drawing 

3        "      Type  R.  A.  Demand  meters 

BUREAU    OF   STANDARDS— MAXIMUM    DEMAND 
The  Bureau  of  Standards  announced  through  a  representa- 
tive at  one  of  the  meetings  of  this  Committee,  in  February,  1919, 
that  it  was  proposed  to  revise  Circular  56  (of  the  Bureau  of 
Standards)  and  include  a  section  on  maximum  demand. 

PERIODIC  TESTS  OP  WATTHOUR  METERS 
During  the  war  period,  conditions  were  such  that  the  opera- 
ting companies  were  forced  either  to  extend  or  suspend  entirely 
the  schedules  for  periodic  test  of  watthour  meters. 

The  Meter  Committee,  in  resuming  its  work  after  the  war 
period,  considered  that  there  might  be  data  available  among  the 
companies  that  would  show  if  meters  of  various  types  could  not 
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safely  be  allowed  to  run  for  longer  intervals  between  tests  than 
those  maintained  prior  to  the  war. 

The  brief  period  of  committee  activity  to  date  has  not  per- 
mitted any  survey  or  analysis  to  be  made,  so  the  question  is  pre- 
sented herewith  for  the  purpose  of  developing  discussion  and 
possibly  to  permit  the  compilation  and  presentation  of  actual 
data  bearing  on  this  point  by  some  of  the  members  at  the 
convention. 

FUSING  POTENTIAL  TRANSFORMERS 

Question  has  arisen  at  different  times  in  committee  meet- 
ings as  to  the  practice  of  fusing  potential  transformers  used  with 
watthour  meters. 

The-  fuses  used  on  potential  transformers  to  serve  the  pur- 
pose as  a  fuse  are  liable  to  be  light  and  fragile.  The  loss  of  a 
fuse  either  mechanically  or  electrically  means  the  loss  of  the 
element  on  one  phase.  With  a  load  of  inductive  characteristics, 
that  particular  phase  might  be  carrying  a  relatively  small  per- 
centage of  the  total  load.  For  this  reason,  the  blown  fuse  might 
go  undetected  for  a  considerable  period  with  a  consequent  sig- 
nificant loss  of  revenue. 

Question  arises,  therefore,  as  to  the  desirability  of  elimi- 
nating the  fuses  on  the  potential  transformers.  A  survey  of  the 
Committee  itself  indicated  that  80  per  cent  of  the  companies  rep- 
resented use  potential  transformers  unf used  on  meters  on  circuits 
of  6600  volts  or  less. 

The  suggested  use  of  a  limiting  resistance  in  the  primary 
in  place  of  the  fuses  is  a  questionable  practice  from  the  stand- 
point of  introducing  possible  errors. 

The  questions  are,  therefore,  presented  herewith  for  the  pur- 
pose of  bringing  out  the  reasons  for  or  against  the  practice  of 
fusing  potential  transformers. 

SECTION  X  OF  THE  METER  CODE 

Work  .  on  the  remaining  parts  of  this  section  practically 
ceased  during  the  war  period,  but  authorization  has  been  obtained 
to  continue  it  and  the  work  has  been  resumed  by  the  Electrical 
Testing  Laboratories  which  are  preparing  the  material  with  a 
sub-committee  of  the  Meter  Committee.  There  is  nothing  in 
finished  form  to  report  at  this  time. 
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METER  LECTURE 
A  meter  lecture  has  been  in  preparation  by  the  two  Meter 
Committees  preceding  the  present  one,  and  efforts  have  been 
made  to  summarize  the  large  amount  of  material  which  has  been 
gathered  and  condense  it  into  a  practicable  and  adequate  lecture 
for  the  purpose  in  mind.  The  lecture  is  still  not  complete,  and, 
while  the  Committee  reports  progress,  it  can  also  report  that 
the  real  difficulty  is  that  the  voluminous  amount  of  material  in 
hand  is  probably  sufficient  for  a  series  of  two  or  three  lectures 
rather  than  a  single  one. 

POTENTIAL   SWITCH   FOR   ROTATING   STANDARD    TEST 

METER 

The  Committee  still  reports  the  lack  of  a  satisfactory  poten- 
tial switch  for  controlling  rotating  standard  test  meters.  This 
switch  is  an  essential  part  of  the  testing  equipment  used 
by  practically  all  the  companies.  It  does  not  seem  necessary  to 
repeat  the  necessary  features  of  such  a  switch  as  they 
have  been  well  understood  by  the  manufacturers  for  some  time. 
Briefly  the  switch  should  be  rugged,  simple  in  construction  and 
of  a  reasonable  cost.  The  Committee  recommends  to  the  manu- 
facturers that  in  undertaking  development  work  again  they  give 
some  consideration  to  the  development  of  such  a' switch  to  fill 
an  existing  and  long-continued  want. 

NEW  DEVELOPMENTS 

The  Committee  finds  after  thorough  inquiry  among  the  man- 
ufacturers that,  as  might  have  been  expected,  there  was  very  little 
development  work  undertaken  or  carried  on  during  the  war 
period.  Report  is  made  oif  one  or  two  modifications  to  existing 
apparatus  and  one  or  two  new  developments  that  seem  of  interest 
at  this  time. 

The  widespread  use  of  maximum  demand  apparatus  requir- 
ing accurate  timing  and  synchronous  operation  renders  very  in- 
teresting the  development  of  the  Warren  Timing  Element  and 
system  which  are  reported  in  this  section. 

THE  WARREN  TIMING  ELEMENT 
The  Warren  self-starting  synchronous  motor  embodies  a 
very  accurate  time-keeping  element  in  the  space  of  2}i  by  2^  by 
2%e  inches  capable  of  delivering  more  power  than  many  of 
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Fig.  1 — Warren  Motor  Timing  Element 

the  present  spring-driven  clocks,  and  this  without  the  usual 
weekly  or  monthly  winding.  (See  Fig.  1.)  It  is,  therefore,  par- 
ticularly adapted  for  use  in  graphic  and  demand  meters,  time 
switches,  etc.,  where  the  advantages  of  a  time-keeping  element 
with  such  characteristics  are  obvious.  An  even  more  important 
asset,  for  certain  applications,  than  any  of  those  mentioned,  is 
that  it  is  possible  to  synchronize  the  records  of  graphic  or  de- 
mand meters — sl  feature  which  heretofore  has  been  very  difficult 
to  accomplish. 

Its  simplicity  and  the  elimination  of  the  usual  amount  of 
skilled  attention  which  the  spring-driven  clock  requires  are  of 
importance  from  a  metering  standpoint. 

The  small  timing  element  can  be  installed  in  any  device  con- 
nected to  the  alternating  current  mains  of  a  company  where 
constant  speed  and  synchronous  operation  are  desired.  The  ele- 
ment itself,  when  combined  with  an  accurate  clock,  can  be  used 
as  a  master  clock  at  the  central  station  both  for  providing 
uniform  time  throughout  the  system  and  for  regulating  fre- 
quency. The  construction  and  operation  of  this  Warren  master 
clock  are  described  in  detail  below : 

In  the  master  clock  are  two  separate  and  independent  ele- 
ments. One  is  a  very  accurate  pendulum  type  of  clock,  the 
other  a  small  synchronous  motor.  There  are  also  two  independ- 
ent "second  hands"  which  rotate  about  the  same  shaft  over  the 
operating  dial  in  clock  fashion.  One  of  these  hands  (the  black 
one)  is  driven  by  the  pendulum  clock,  while  the  other  (gold  in 
color)  is  driven  by  the  synchronous  motor.  The  gearing  between 
the  synchronous  motor  and  the  hand  which  it  drives  is  so  ar- 
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ranged  that  when  the  frequency  of  the  generator  to  whidi  it  is 
connected  is  correct  it  will  make  one  revolution  in  five  minutes. 
Likewise  the  clock-driven  hand  is  geared  to  make  one  revolution 
in  five  minutes. 

Obviously  if  the  frequency  is  correct,  these  two  hands,  if 
started  one  ^ver  the  other  will  rotate  at  the  same  speed  and 
remain  together.  If  the  frequency  is  high,  the  motor-driven 
hand  will  gain,  and  if  low,  it  will  lose  with  respect  to  the  clock- 
driven  hand  which,  of  course,  keeps  correct  time.  The  opera- 
tor's duty  is  to  keep  the  two  hands  together  by  adjusting  the 
speed  of  the  prime  movers.  It  is  evident,  from  a  consideration 
of  the  principle  of  this  device,  that  instantaneous  fluctuation  in 
frequency  will  not  appear  on  the  dial.  Furthermore,  momen- 
tary high  values  may  be  cancelled  by  corresponding  low  values 
of  frequency,  so  that  it  is  only  a  continued  error  in  the  average 
frequency  which  will  cause  the  hands  to  depart  from  one  another. 
Therefore,  und^r  ordinary  conditions  the  clock  need  be  observed 
only  once  in  a  period  of  about  fifteen  or  thirty  minutes.  The 
synchronous  motor  is  also  geared  to  the  main  spring  which  drives 
the  clock,  so  that  it  requires  no  attention,  except  the  regular 
comparison  with  Washington  time  signals. 

While  this  system  offers  an  easier  and  more  accurate  method 
of  controlling  the  frequency  than  by  means  of  the  usual  type  of 
frequency  meter,  its  particular  interest  from  a  metering  stand- 
point lies  in  the  use  of  the  Warren  synchronous  motor  in  the 
place  of  the  usual  spring-driven  clock  movement.  Any  synchro- 
nous motor  connected  to  an  alternating  current  system,  as  we 
know,  must  run  "in  step"  with  the  generator  which  supplies  the 
power.  No  matter  how  we  may  alter  the  speed  of  the  genera- 
tor, all  motors  connected  to  that  system  are  effected  in  the  same 
way.  Therefore,  if  the  generator  is  run  at  an  average  speed, 
which  is  held  absolutely  the  same  from  day  to  day  by  means  of  a 
master  clock,  then  all  synchronous  motors  connected  to  that  gen- 
erator run  at  the  same  speed  and  can,  therefore,  be  used  as  accu- 
rate time-measuring  devices. 

The  Conmiittee  found  that  this  development  was  relatively 
new  to  most  of  the  operating  companies,  but  that  a  few  of  the 
companies  had  had  some  experience  with  it.  It  is  appreciated 
that  the  summary  of  this  experience  as  given  below  is  somewhat 


Digitized  by 


Google 


461 

fragmentary  and  meagre,  but  it  seems  of  sufficient  value  to  re- 
port, inasmuch  as  it  represents  actual  experience. 

Company  No,  1.  This  company  has  the  master  clock  fea- 
ture installed  at  its  central  station  for  regulating  frequency,  and, 
in  addition,  has  a  considerable  niunber  of  graphic  recording  volt- 
meters equipped  with  the  small  timing  element,  and  is  experi- 
menting with  a  small  number  of  timing  switches  for  street  light- 
ing and  timing  devices  for  maximum  demand  indicators.  The 
experience  to  date,  briefly  svunmarized,  is  very  satisfactory  in- 
deed from  the  standpoint  of  the  accuracy  of  die  timing  device, 
but  indicates  the  necessity  for  simplification  as  to  gears,  etc.,  in 
some  of  the  adaptations  of  the  Warren  device  to  existing  types 
of  instnmients  designed  for  other  timing  elements. 

Company  No.  2.  Some  fifteen  months  ago  this  company 
received  a  master  clock  and  one  secondary  clock.  At  that  time 
the  generating  capacity  was  somewhat  limited,  and  five  or 
six  large  electric  furnaces  so  disturbed  the  frequency  that  the 
results  of  trying  to  regulate  it  were  very  unsatisfactory.  About 
nine  months  ago  a  new  power  house  was  completed,  and  since 
•that  time  the  frequency  has  been  accurately  regulated  by  the 
Warren  system. 

One  type  G  indicator  was  equipped  with  the  synchronous 
motor  clock  and  geared  to  rotate  the  chart  once  each  sixteen 
days,  thus  requiring  but  two  trips  a  month  to  the  indicator. 

Company  No.  3.  The  company  has  -had  a  temporary 
master  clock  installed  at  its  central  station  and  is  now  putting 
in  permanent  equipment.  It  has  approximately  70  secondary 
clocks  installed  in  special  demand  meters,  replacing  double  spring- 
driven  ten-day  clock  movements.  One  motor  is  installed  in  a 
type  C-4  graphic  meter  having -a  reroU  attachment.  Sufficient 
torque  is  developed  .to  drive  all  of  these  instruments  with  ample 
surplus,  as  demonstrated  by  the  fact  that  the  charts  will  tear  if 
they  bind,  before  the  motor  will  stop.  During  the  winter  months 
some  trouble  was  experienced  in  devices  exposed  to  the  cold, 
due  to  the  oil  thickening,  but  this  was  overcome  by  substituting 
kerosene  for  the  standard  oil.  The  clocks  are  invariably  exactly 
on  time,  except  for  the  rare  cases  in  which  the  line  is  out  of  serv- 
ice or  a  motor  fails  to  run  from  mechanical  trouble,  either  in  the 
motor  or  the  instrument  it  operates.    The  device  is  particularly 
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of  service,  first,  in  synchronizing  demand  readings  from  two  or 
more  installations  too  widely  separated  to  register  on  one  de- 
mand instrument,  as  considerable  difficulty  is  experienced  in  reg- 
ulating spring-driven  clocks  with  sufficient  accuracy;  second,  it 
enables  extending  the  period  of  visit  to  the  meters  from  the  usual 
seven-day  period  to  a  fourteen-day  period  or  longer  if  desired. 
Company  No.  4.  This  company  is  not  using  the  master 
clock  feature  of  the  Warren  system  at  its  central  station,  but  is 
experimenting  with  the  small  timing  elements  in  time  switches 
for  street  lighting,  timing  elements  for  maximum  demand  indi- 
cators and  timing  elements  in  three  types  of  graphic  recording 
voltmeters  and  wattmeters.  The  experience  to  date,  which  has 
been  limited  to  a  small  number  of  devices,  has  been  very  satis- 
factory. 

TYPE  M.6  DEMAND  METER 
(GENERAL  ELECTRIC  COMPANY) 

A  new  demand  meter  with  a  self-winding  clock  has  been 
designed  to  take  the  place  of  the  present  type  M-5  demand  meter 
which  contains  a  spring-driven  8-day  clock  movement.    The  gen- 


FiG.  2— Type  M-6  Demand  Meter,  Cover  Removed 

eral  appearance  of  the  device  will  remain  the  same  (Fig.  2),  the 
principal  change  consisting  of  substituting  for  the  spring-wound 
clock  an  electrically  driven  clock  movement  which  consists  of  a 
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small  direct  current  motor  geared  to  the  main  spring  shaft  of  a 
clock  movement.  The  small  motor  is  arranged  to  be  connected 
direct  to  the  proper  supply  voltage  and  maintains  a  constant  ten- 
sion on  the  main  spring,  thereby  giving  a  constant  rate  to  the 
movement. 

As  shown  in  the  illustration,  the  commutator  and  brushes  are 
mounted  at  the  front  of  the  device  to  permit  easy  inspection  and 
cleaning.  A  ratchet  and  pawl  are  provided  on  the  spring  drum  to 
prevent  backward  rotation  in  case  of  voltage  failure,  the  spring 
being  capable  of  running  the  clock  for  about  one  hour  after  the 
voltage  has  been  cut  off. 

While  mention  is  made  of  this  new  development,  the  meters 
will  not  be  ready  for  delivery  for  about  six  months. 

TYPE  H.2  DEMAND  METER 
(GENERAL  ELECTRIC  COMPANY) 

The  Report  of  the  Meter  Committee  for  1915  described  the 
type  H  demand  meter,  which  is  a  thermal  current  indicator. 
The  original  device,  as  described  in  the  1915  report,  has  beien 
redesigned  in  order  to  improve  the  operation  and  to  eliminate 
trouble  encountered  in  obtaining  perfect  temperature  compen- 
sation. 

The  new  design,  known  as  Type  H-2,  is  shown  in  Fig.  3  and 
Fig.  4.  It  will  be  noted  that  in  place  of  the  two  spirals  of  ther- 
mostatic metal  originally  used,  the  construction  now  consists  of 
two  flat  strips  of  thermostatic  metal,  one  attached  to  the  heating 
element  and  the  other  acting  as  a  compensating  element  for  tak- 
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Fig.  4 — Type  H-2  Demand  Meter,  View  From  Bottom 

ing  care  of  temperature  changes  common  to  both  elements.  The 
characteristic  curve  of  the  device  is  the  same  as  shown  in  the 
original  report. 

A  NEW  SYSTEM  OF  METER  READING 

A  new  system  of  meter  reading  which  has  some  novel  fea- 
tures and  which  may  be  of  ,  interest  to  member  compa- 
nies, has  recently  been  adopted  by  the  Hartford  (Conn.)  Electric 
Light  Company. 

The  weaknesses  of  the  commonly  used  systems  were  consid- 
ered individually  and  an  effort  made  to  correct  them;  such  as 
eliminating  estimated  readings,  preserving  meter  reading  records 
from  loss  and  mutilation,  avoiding  delay  in  revision  of  meter 
reading  sheets  due  to  their  absence  for  either  reading  or  book- 
keeping purposes,  and  furnishing  a  record  of  the  time  at  which 
meters  are  read — ^thus  putting  the  readers'  movements  under  defi- 
nite control. 

By  this  system,  the  Company  is  able  to  keep  all  its  vital 
records  centralized  in  its  own  building  imder  the  care  of  compe- 
tent employees,  the  meter  reader  having  access  only  to  a  printed 
copy  of  the  necessary  records — which  may  be  duplicated  in  less 
than  one  minute. 

The  following  is  a  brief  description  of  the  essential  features 
of  the  system  and  its  operation : 

Original  records  of  meters  with  names  of  consumers,  loca- 
tions and  other  information  of  value  to  the  readers,  are  kept  in 
the  form  of  permanent,  indestructible  plates  which  can  be  used 
in  some  form  of  printing  machine  such  as  the  addressograph. 
These  plates  constitute  primary  records  and  are  never  removed 


Digitized  by 


Google 


'465 

from  the  direct  control  of  the  reading  department.  At  any  time 
they  can  be  changed  in  such  manner  as  conditions  require.  They 
are  filed  in  groups  representing  reading  trips. 

On  the  day  before  a  trip  is  to  be  read,  the  address  plates 
for  the  trip  are  run  through  the  automatic  addressing  machine 
and  the  impressions  printed,  properly  spaced,  on  a  continuous 
strip  of  paper  approximately  four  inches  wide,  the  average  length 
being  twenty  feet.  The  plates  are  then  returned  to  the  file.  The 
reading  strip  is  wound  on  drums  and  sealed  into  a  small  metal 
box  resembling  a  film  camera  (see  Fig.  5  and  Fig.  6).  Two 
small  cranks  make  it  possible  to  bring  any  portion  of  the  strip 
into  view  through  an  opening  in  the  box.  In  this  way,  any  meter 
record  printed  on  the  strip  may  be  brought  into  view  and  the 
reading  entered.     As  no  previous   readings  are   furnished  the 


Fig.  5 — Indexing  Device 


Digitized  by 


Google 


466 


Fig.  6 — Indexing  Device  Open 

reader,  he  must  actually  visit  the  meter  itself  and  deception  is 
impossible. 

In  the  box  under  the  paper  strip  is  a  time-recording  mech- 
anism which  automatically  makes  an  identifying  record  of  the 
time  at  which  the  reading  is  made. 

After  the  completion  of  the  reading  trip,  the  strip  may  be 
used  and  filed  by  the  accounting  and  bookkeeping  departments 
without  delaying  or  complicating  any  other  work. 

PORTABLE  LAMP  AND  SCALE  GALVANOMETER 

(The  Leeds  &  Northrup  Company) 

A  recent  development  is  a  compact  portable  galvanometer, 
simple  and  rugged  in  its  construction  and  completely  self- 
contained  with  a  lamp  and  scale.  It  is  most  convenient  to  use 
and  less  tiring  upon  the  operator  than  either  a  pointer  or  telescope 
scale  galvanometer.  It  is  well  adapted  to  shop  Wheatstone 
Bridge  or  Kelvin  Bridge  measurements,  or  for  any  other  purpose 
where  a  sensitivity  of  20  megohms  is  sufficient  and  wheVe  a  large 
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number  of  measurements  are  to  be  made.  In  addition  to  its  ease 
of.  reading  and  comparatively  high  sensitivity  for  a  portable 
instrument,  it  is  quick  in  its  action,  having  a  period  of  about  4 
second's.  The  instrument  is  quite  rugged  in  its  construction  and 
will  withstand  as  much  rough  usage  as  an  ordinary  voltmeter. 

By  purchasing  an  extra  system,  the  instrument  may  be 
adapted  for  both  microvolt  and  microampere  work/ 

The  general  appearance  of  the  instrument  and  its  scale  is 


Fl<  PER 

shown  in  Fig.  7.  The  box  is  made  of  hard  wood  and  measures 
approximately  8J4  in.  by  5j4  in.  by  5H  i"-  The  total  weight  of 
the  instrument  is  about  5^  pounds.  Suitable  provision  is  made 
for  conveniently  replacing  and  focusing  lamps  when  necessary. 
A  rod  is  provided  on  the  top  of  the  case  by  which  the  zero  of  the 
galvanometer  may  be  adjusted.  A  convenient  connector  is  pro- 
vided for  attaching  the  lamp  to  a  four-volt  circuit. 

The  scale  is  black  on  a  translucent  background.  It  is  regu- 
larly furnished  with  zero  in  the  center,  but  is  furnished  with 
zero  at  one  end  if  so  desired. 

The  optical  system  will  be  understood  from  an  inspection  of 
Fig.  8. 
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Fig.  8 — Cross  Section  of  Galvanometer 


Fig.  9 — A.  C.  Galvanometer 

The  lamp  provided  with  this  instrument  has  a  single  straight 
filament  of  high  intrinsic  brilliancy.  It  operates  on  4  volts  and 
requires  a  current  of  0.5  amperes.  It  may  be  operated  either 
from  a  storage  battery  or  from  an  ordinary  lighting  circuit.  If 
run  from  a  lighting  circuit,  a  lamp  of  proper  capacity  or  fixed 
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resistance  must  be  put  in  series  with  the  small  lamp.    The  manu- 
facturers furnish  such  resistances,  if  desired. 

The  galvanometer  system  is  equipped  with  a  concave  mirror. 
By  a  small  movement  of  the  lamp,  the  image  of  the  lamp  filament 
may  be  focused  on  the  translucent  scale.  When  the  lamp  has 
once  been  focused,  it  should  require  no  further  attention  during 
its  life. 
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Fig.  10— Diagram  of  Connections 

The  galvanometer  coil  is  suspended  and  not  supported  with 
pivots  and  jewels  as  in  the  ordinary  type  of  portable  gal- 
vanometer. 

The  moving  system  of  this  galvanometer  is  mounted  in  a 
small  metal  case  and  is  removable,  so  that  if  trouble  occurs  in 
the  moving  system  it  involves  only  the  lifting  out  of  this  mov- 
ing system  and  its  return  to  the  manufacturers  for  repair,  a  simple 
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and  inexpensive  process  as  compared  with  the  return  of  the  en- 
tire galvanometer  required  by  other  types. 

A.  C.  GALVANOMETER 

(The  Leeds  &  Northrup  Company) 

The  alternating  current  galvanometer  is  for  use  on  a  60- 
cyde,  110-volt  circuit,  the  field  being  separately  excited.  The 
working  current  for  the  bridge  or  other  network  upon  which  the 
test  is  being  made  is  supplied  from  taps  to  a  non-inductive  resist- 
ance in  series  with  the  field  winding.  The  current  in  the  work- 
ing circuit  is  therefore  in  phase  with  the  field  current  and  the 
moving  coil  of  the  galvanometer  is  connected  to  the  network  as 
the  detector. 

Fig.  9  shows  the  general  appearance  of  the  instrument  and 
Fig.  10  shows  the  diagram  of  connections. 

Respectfully  submitted, 

F  V  Magalhaes,  Chairman 
A  S  Albright 

R  M  BOYKIN 

F  H  Chamberlain 
J  S  Cruikshank 
B  Currier 
c  g  durfee 
Wm  Eichert 
C  P  Garman 
F  R  Healy 
C  H  Ingalls 
C  J  Kellam 
Otto  A  Knopp 

M  H  PiTTMAN 

C  O  Poole 

C  J  Theleen 

a  g  turnbull  ^ 

Wm  Volkman 

W  L  Wadsworth 
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The  Chairman  :  We  will  now  proceed  to  the  discussion  of 
the  various  portions  of  this  report  and  I  will  ask  Mr.  W.  L. 
Wadsworth  of  Minneapolis  to  discuss  the  portion  on  Educa- 
tional Courses. 

Mr.  Wadsworth:  The  Sub-Committee  on  Educational 
Courses,  of  which  I  am  Chairman,  sent  out  letters  to  100  diflFer- 
ent  companies,  and  received  in  return  ten  different  courses.  Fifty 
of  the  companies  stated  that  they  had  no  definite  course  for 
their  meter  men.  The  necessity  of  some  definite  course  or 
method  of  instruction  to  train  meter  men  was  emphasized  dur- 
ing the  war.  As  this  is  a  new  field  of  thought  advanced  by  the 
Meter  Committee,  the  Committee  asks  that  these  questions  be 
discussed  very  fully  so  that  we  may  outline  a  course  or  courses 
which  will  be  suitable  for  the  majority. 

W.  H.  Fellows,  Washington,  D.  C. :  Early  in  the  war  we 
realized  the  necessity  of  some  training  for  the  meter  men,  and 
while  we  have  not  a  large  force  of  them  in  Washington,  we 
picked  out  some  four  or  five  to  break  in  as  testers.  Our  force 
was  almost  totally  depleted  by  the  draft,  but  I  was  fortunate  in 
being  able  to  keep  one  man  with  meter  experience  and  testing 
ability.  As  he  was  acquainted  with  this  subject,  he  was  put 
into  the  shop,  and  soon  he  could  turn  out  men  who  were  able  to 
go  out  and  test  meters.  Some  of  them  could  test  either  direct 
or  alternating  current  meters  of  small  capacity  only.  A  few  of 
those  whom  we  trained  have  remained  with  us  and  have  broad- 
ened out,  while  some  of  them  have  gone  into  other  fields. 

George  E.  Snider,  Toledo,  Ohio:  It  is  very  gratifying 
indeed  to  learn  that  the  Committee  has  taken  up  this  question. 
We  have  been  attempting  to  outline  a  course  for  training  men 
for  meter  testers,  and  it  has  proved  to  be  quite  a  problem.  We 
have  finally  settled  on  a  course  which  we  will  soon  start;  it  is 
based  on  our  experience  of  the  past  year. 

At  the  beginning  of  the  war  we  lost  fifty  per  cent  of  our 
testers  and  it  became  necessary  to  train  men  at  once  and  train 
them  quickly.  We  have  found  that  by  giving  them  close  per- 
sonal instruction  and  watching  them  very  carefully  they  have 
shown  much  better  results  than  they  did  by  our  former  method, 


Digitized  by 


Google 


472 

which  was  to  let  them  start  through  the  department,  working  as 
helpers,  etc. 

I  think  there  is  a  decided  need  for  such  a  course  as  the 
Committee  has  outlined  for  both  the  large  and  the  smaller  com- 
panies. It  is  comparatively  easy  to  train  meter  men  in  the 
larger  companies,  but  it  is  a  difficult  proposition  in  the  smaller 
companies  having  only  four  or  five  men. 

If  such  a  course  covering  practical  meter  work  could  be  fur- 
nished by  this  Committee,  I  believe  it  would  be  greatly  in  de- 
mand. I  know  of  many  instances  where  we  have  received 
inquiries  from  various  men  as  to  what  is  available  in  the  way  of 
literature  and  text  books  on  meter  work.  When  we  investigated 
the  field  we  did  not  find  much  outside  of  the  Metermen's  Hand- 
book and  Jansky's  Electrical  Meter.  Therefore,  there  is  little 
opportimty  at  present  for  the  self  education  of  meter  testers, 
and  I  believe  all  of  us,  particularly  in  the  larger  companies,  must 
adopt  some  carefully  considered  course  of  training  for  our  men. 
These  men  at  the  end  of  the  year  show  remarkable  progress 
when  given  this  instruction. 

It  is  our  intention  in  the  Toledo  Railways  and  Light  Com- 
pany to  appoint  a  regular  instructor  to  supervise  the  work  of 
these  students  as  they  pass  through  the  various  divisions  of  me- 
ter work.  Specified  reading  courses  will  be  given  them  and  they 
will  also  receive  lectures  and  will  be  allowed  time  for  the  asking 
and  answering  of  questions  pertaining  to  their  work.  It  is  hoped 
that  in  this  way  we  will  be  able  to  eliminate  early  in  the  course 
those  men  who  will  not  make  successful  meter  testers.  In  sev- 
eral instances  we  have  carried  men  in  our  department  for  from 
one  to  two  years  and  then  found  it  necessary  to  transfer  them 
to  other  classes  of  work,  as  they  were  not  at  all  adapted  to  met^r 
work.  By  the  quick  elimination  of  such  men  you  not  only  save 
time  and  money  of  the  company  but  also  that  of  the  man  under 
consideration. 

Warren  Partridge,  Clearfield,  Pa.:  There  is  one  subject 
I  would  like  to  recommend  to  next  year's  Meter  Committee, 
and  that  is,  the  question  of  a  two-rate  meter.  Many  com- 
panies are  facing  a  load  situation  never  dreamed  of  a  few  years 
ago.    For  example  in  the  coal  mine  districts  we  have  a  day-peak 
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two  to  three  times  as  great  as  our  lighting  peak  at  night,  and 
between  four  in  the  afternoon  and  seven  in  the  morning  current 
could  be  sold  at  a  very  low  rate.  I  think  a  two-rate  meter 
would  offer  inducements  quite  apparent  to  the  customer  for  buy- 
ing off-peak  current,  inducements  which  are  not  so  obvious  on 
a  regular  demand  rate. 

John  J.  Reilly,  Philadelphia:  I  am  exceedingly  interested 
in  the  meterman's  training  course.  We  have  had  considerable 
experience  with  such  a  course,  due  to  the  fact  that  during  the 
war  65  per  cent  of  our  men  were  in  service.  We  then  had  the 
difficulty  of  continuing  our  work  and  found  it  necessary  to 
establish  a  course  for  training  meter  men  to  take  the  place  of 
those  who  had  gone.  We  used  a  course  which  is  outlined  in  the 
report  as  Course  No.  3.  New  men  were  employed  with  certain 
requirements  as  to  age  and  education  and  were  placed  on  the 
practical  work  on  the  line,  and  in  connection  with  that  work 
three  times  a  week  for  an  hour  each  time  the  men  were  given  in- 
structions under  experienced  foremen  and  competent  instructors. 
The  different  types  of  alternating  current  meters  were  available 
for  them  and  they  were  perfected  in  the  testing  and  adjusting 
of  these  types.  During  this  course,  which  covered  three  months 
from  the  time  it  was  put  in  operation,  the  men  were  given  intens- 
ive training  and  frequent  examinations.  They  were  also  told 
that  certain  results  were  expected  of  them,  and  those  who  could 
not  size  up  at  the  end  of  a  certain  period  were  eliminated.  The 
subject  matter  of  the  examinations  was  covered  in  talks  and 
lectures.  An  average  of  70  per  cent  was  required  and  the  men 
who  did  not  make  it  were  dropped  from  the  course  and  in  some 
cases  dropped  from  the  employ  of  the  department.  As  a  result 
ten  men  satisfactorily  passed  the  final  examinations,  since  which 
time  they  have  been  out  on  the  line  and  have  continually 
increased  in  their  daily  average  of  work  done.  This  average 
compares  very  favorably  with  the  older  men's  work  and 
averages.  I  would  advocate  that  the  Meter  Committee  lend  its 
approval  to  some  specified  course,  and  I  believe  satisfactory 
results  can  be  achieved. 

In  regard  to  the  course  established  by  the  State  College  of 
Iowa,  I  am  of  the  opinion  that  the  time  given  to  it  is  too  short 
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and  that  conditions  on  the  line  are  different  from  those  which 
the  men  experience  in  the  laboratory  and  shop  and  cannot  be 
duplicated  therein.  With  the  experimental  boards  that  we  use 
and  our  course  I  feel  sure  that  with  a  class  of  15  or  20  men  inside 
of  three  months  you  can  turn  out  75  per  cent  of  them  as  com- 
petent meter  men  on  alternating  current.  At  the  end  of  six  or 
nine  months  a  special  course  can  be  given  on  direct  current 
meters. 

C.  P.  Garman,  Dayton :  I  make  a  motion  that  we  take  the 
questions  on  Page  432  and  go  through  the  subject  systematically. 

F.  V.  Magalhaes:  This  Committee  sent  out  its  question- 
naire, to  which  it  has  received  replies,  but  the  Committee  has  not 
drawn  conclusions.  Mr.  Wadsworth,  do  you  think  time  would 
be  gained  by  an  individual  vote  on  these  questions? 

W.  L.  Wadsworth  :  I  think  we  get  more  meat  out  of  it  in 
this  way,  as  we  have  the  returns  from  50  odd  companies. 

Mr.  Garman  :   I  withdraw  the  motion. 

A  Member  from  New  Jersey:  I  would  ask  the  Committee 
if  it  intends  to  develop  such  a  course,  so  that  it  will  be  applicable 
to  small  companies.  I  find  that  small  companies,  without  a 
regular  meter  tester,  are  more  up  against  this  problem  than  the 
larger  companies,  as  the  larger  companies  have  two  or  three 
men  familiar  with  meters.  The  smaller  companies  are  con- 
fronted with  the  problem  of  testing  100  or  200  meters,  and  then 
they  have  no  further  use  for  that  man  for  such  work.  If  a  com- 
pany were  organized  to  do  testing  for  small  companies,  it  would 
bring  us  great  relief. 

The  Chairman:  Any  other  questions,  or  comments,  or 
experiences  ? 

W.  B.  Hartshorne,  Hackensack  N.  J. :  It  might  be  of  benefit 
to  the  meeting  to  explain  our  experience  with  women  meter  testers 
during  the  period  of  the  war.  In  my  particular  territory  we  were 
in  need  of  testers,  and  we  took  on  two  women.  They  were  trained 
under  the  supervision  of  the  local  meter  chief  and  got  along  very 
well  at  first.     In  the  beginning  they  had  to  go  out  together, 


Digitized  by 


Google 


475 

owing  to  the  weight  of  the  apparatus  to  be  carried  and  their 
diffidence  in  going  into  cellars  alone.  After  a  few  weeks  they 
tested  about  five  meters  a  day,  and  tlien  were  separated.  About 
a  month  ago,  one  handed  in  her  resignation  on  the  groimd  that 
the  work  was  too  hard.  Last  Saturday,  the  meter  chief  advised 
of  the  other  woman's  resignation  on  the  same  grounds,  so  we 
have  finished  one  experience  with  women  meter  testers. 

The  Chairman:  One  company  I  knew  of  had  women 
testers,  but  they  brought  the  meters  in  and  had  them  tested  in 
the  laboratories. 

John  J.  Reilly,  Philadelphia :  The  Public  Service  Commis- 
sion of  Pennsylvania  would  not  allow  the  use  of  women  in  out- 
side districts,  but  they  could  work  in  the  laboratories. 

The  Chairman  :  Do  you  use  women  testers  in  the  labora- 
tories ? 

S.  G.  Rhodes:  The  New  York  Edison  Company  employs 
approximately  fifteen  women  testers,  their  employment  being 
confined  to  the  company  laboratory.  Their  remuneration  is  the 
same  as  that  for  men  for  the  same  grade  of  employment.  The 
women  as  laboratory  testers  give  satisfactory  service. 

F.  V.  Magalhaes:  The  member  from  New  Jersey  states 
that  the  smaller  companies  do  not  have  a  course  of  instruction 
as  they  have  but  one  or  two  meter  testers.  The  reason  is  prob- 
ably that  their  testers  are  taken  from  the  larger  companies,  where 
they  have  both  trained  testers  and  courses  of  instruction. 

Otto  A.  Knopp,  San  Francisco  :*  The  need  for  such  a  course 
exists  also  in  our  company,  although  its  application  is  more  diffi- 
cult and  probably  less  beneficial  in  our  company  whose  activities 
are  scattered  over  large  territory  than  it  would  be  in  a  company 
that  has  all  the  meter  work  concentrated  in  one  large  city. 

The  older  and  more  experienced  testers  should  do  the 
instructing  but  their  selection  should  be  based  on  the  ability  to 
instruct.  The  course  should  be  on  company's  time  as  lower 
wages  are  given  to  new  men  in  consideration  of  the  extra  expense 
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of  breaking  them  in.  If  only  a  few  men  are  examined,  the  exam- 
ination should  be  oral,  but  if  a  large  number,  a  written  exam- 
ination would  be  better.  For  men  of  higher  education,  training 
should  be  universal.  For  men  of  only  Grammar  School  educa- 
tion, training  should  be  for  only  certain  positions. 

We  think  it  best  to  send  new  men  out  with  experienced 
testers  for  a  short  time  to  get  acquainted  with  the  outside 
testing. 

H.  A.  HowERY,  Kansas  City,  Mo.:*  There  is  an  urgent 
need  I  believe,  and  especially  in  our  Western  cities,  for  a  training 
course  for  meter  testers  as  outlined.  I  believe  this  course  should 
be  under  the  supervision  of  an  instructor  in  preference  to  in- 
structions from  older  and  more  experienced  men,  more  espe- 
cially where  the  course  is  just  being  adopted,  in  order  that  all 
interpretation  and  explanation  might  be  imparted  to  the  man 
with  the  highest  degree  of  accuracy,  so  that  the  policies  of  any 
local  companies  may  be  inculcated  in  the  mind  of  the  meter 
testers  until  such  time  as  they  have  graduated  from  such  a 
course  with  a  degree  of  reliability  which  would  be  in  keq>ing 
with  the  responsibility  placed  on  them — that  of  training  new 
meter  testers. 

The  writer's  experience  has  been  that  the  meter  men  give 
better  results  and  better  attention  by  means  of  a  special  instruc- 
tor than  if  gaining  their  training  under  various  meter  men.  I 
believe  this  is  due  to  the  fact  that  they  receive  more  accurate  in- 
struction from  a  single  source  and  it  can  be  more  forcibly 
impressed  upon  their  minds  in  this  form  of  teaching. 

The  writer  believes  that  the  better  procedure  for  training  a 
meter  man  is  to  give  him  his  first  experience  in  the  meter  shop 
in  order  to  determine  to  what  d^ree  his  mechanical  ability  can 
be  relied  upon  for  making  the  mechanical  adjustments  to  the 
meter  without  damaging  the  instrument  in  any  way.  He  should 
be  shown  the  intricate  operations  that  take  place  when  the  vari- 
ous appliances  for  adjustment  are  moved  in  one  direction  or 
the  other.  This  should  be  so  thoroughly  explained  that  the 
student  might  draw  a  mental  picture  of  the  motions  of  the 
adjusting  apparatus  when  adjustments  are  being  made. 
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He  should  then  be  given  a  course  6{  testing  in  the  shop  in 
order  to  teach  him  what  effects  the  various  adjustments  have  on 
a  meter,  also  to  what  degree  the  adjustments  effect  the  meter. 

I  believe  he  should  then  be  required  to  pass  an  examination 
on  this  much  of  his  training  before  he  is  placed  on  the  con- 
sumers' premises  for  final  instruction,  as  it  is  on  the  consum- 
ers' premises  that ^  the  meter  man  is  able  to  do  the  most  good  or 
the  most  damage  to  the  central  station  company. 

Whether  the  course  should  be  on  the  company's  time,  the 
employee's  time,  or  the  company  and  employee  share  equally  in 
giving  their  time  for  instruction  would  depend  upon  the  local 
conditions  in  the  various  companies.  I  believe  a  good  arrange- 
ment for  this  would  be  the  proper  installation  of  apparatus  for 
a  school  conducted  by  the  company  after  working  hours  in  such 
a  manner  that  the  good,  loyal,  well  meaning,  conscientious  and 
industrious  employee  could  see  so  plainly  that  it  was  to  his  ad- 
vantage to  attend  the  school  that  he  would  not  miss  the  oppor- 
tunity, even  though  he  had  to  give  his  own  time  for  it. 

All  examinations  should  be  written.  Written  answers  to 
questions  and  written  reports  on  investigations  I  believe  to  be 
of  primary  importance  in  the  training  of  meter  men,  for  oft- 
times  when  it  is  necessary  for  a  meter  man  to  go  on  record  with 
a  report,  he  has  a  laborious  task  before  him. 

I  believe  that  the  training  should  be  universal  for  any 
position  in  the  meter  department.  However,  I  also  believe  it 
should  be  in  graduated  steps  which  would  enable  the  central 
station  manager  to  use  his  men  in  any  position  he  desires,  also 
deriving  better  executives  for  other  departments  in  the  company 
of  which  they  are  members.  I  have  often  seen  it  demonstrated 
that  good  rounded-out,  thoroughly  trained  meter  men  pos- 
sessing the  ability  to  write  letters  and  being  able  to  explain 
themselves  in  the  various  problems  of  meter  work,  have  made 
very  good  executives  in  other  departments. 

I  believe  rivalry  and  competition  among  meter  men  to  be 
a  good  thing  if  not  carried  on  too  long  so  that  the  men  become 
antagonistic  toward  each  other.  This  practice,  however,  would 
have  to  be  judged  by  the  men  being  handled  and  the  local  con- 
ditions surrounding  their  employment. 

The  "Meterman's  Hand  Book"  is  loaned  to  the  employees 
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in  the  meter  department  of  our  company,  although  quite  a  num- 
ber of  our  men  have  copies  which  they  have  purchased  for  their 
own  use. 

The  young  man*  with  a  high  school  education  is  by  far  the 
best  subject  for  emplo)ring  and  training  as  a  meter  man.  Of 
course  there  are  exceptions  to  this  rule.  The  writer  has  seen 
a  good  many  good  meter  men  developed  from  ward  school 
students,  men  who  were  addicted  to  home  study,  especially  along 
engineering  lines,  but  these  men  were  rather  more  of  an  excep- 
tion than  the  rule. 

Our  company  has  an  instruction  course  in  the  form  of  a 
book  which  comprises  most  of  the  subjects  of  study  as  outlined 
in  Course  No.  1  in  the  literature  you  have  handed  me,  yet  it  is 
a  more  general  course  and  does  not  go  into  detail  on  the  sub- 
divided subjects  as  outlined  in  Course  No.  1.  We  have  experi- 
enced a  great  deal  of  trouble  in  keeping  this  book  up  to  date 
due  to  the  fact  that  it  was  made  up  in  loose  leaf  form  of  tjrpe- 
written  sheets,  which  form  does  not  stand  the  wear  and  tear 
to  which  it  is  subjected. 

Little  has  been  done  along  this  line  during  the  war,  as  the 
Army  completely  stripped  us  of  practically  all  our  meter  men 
during  1917,  and  we  are  just  beginning  to  get  a  few  of  our  old 
men  back. 

The  Chairman:  The  next  topic  is  "Instrument  Trans- 
formers," which  will  be  abstracted  by  Mr.  Magalhaes. 

(F.  V.  Magalhaes  abstracts  the  Report  of  the  Sub-Corn* 
mittee  on  Instrument  Transformers,  Test  Practice  and  Perform- 
ance.) 

The  Chairman  :  The  question  is  now  open  for  general  dis- 
cussion. 

F.  J.  MuRMANN,  Westchester  Lighting  Co. :  A  great  many 
member  companies  are  now  paying  a  lot  of  attention  to  slight 
inaccuracies  and  do  not  pay  much  attention  to  the  instrument 
itself. 

W.  H.  Fellows,' Washington,  D.  C. :  I  want  to  say  that  the 
instrument  transformer  is  an  important  piece  of  apparatus.  It 
is  generally  connected  with  an  installation  of  considerable  mag- 


Digitized  by 


Google 


479 

nitude  as  to  kilowatts,  and  considerable  income  is  derived  from 
such  customers.  In  Washington  we  have  used  the  two  rotating 
standard  method  of  testing  instrument  transformers,  which  was 
developed  by  the  Bureau  of  Standards.  We  find  it  long  and 
cumbersome,  and  we  are  in  search  of  shorter  methods.  I  think 
the  Meter  Company  can  do  nothing  better  than  to  place  in  the 
hands  of  the  member  companies  a  shorter  method,  and  to  deter- 
mine whether  it  is  best  to  test  instrument  transformers  on  the 
consumer's  premises  or  bring  them  into  the  shop.  We  are  work- 
ing under  a  five  year  period,  and  it  is  not  yet  five  years  since 
we  first  began  making  tests  and  filing  the  records  in  such  a 
manner  that  we  can  refer  back  to  them. 

I  was  a  little  surprised  at  the  inaccuracy  figure  in  trans- 
formers, due  to  overload.  I  think  a  little  research  might  be 
made  to  determine  whether  such  inaccuracies  can  occur,  and  then 
be  automatically  corrected  by  gradually  tapering  off  the  load 
from  the  heavy  overload.  I  would  like  to  be  informed  on  the 
subject. 

In  conclusion,  I  wish  to  state  that  I  know  the  Meter  Com- 
mittee has  done  considerable  work  on  these  lines,  and  I  thmk 
this  work  should  be  followed  to  its  logical  conclusion.  I  know 
the  Committee  will  do  that,  as  it  is  a  hard-working  committee, 
and  I  want  to  cong^tulate  it  on  what  it  has  done  this  year, 
especially  as  the  time  was  so  short. 

J.  B.  GiBBS,  Pittsburgh,  Pa.:  The  accuracy  of  instrument 
transformers  has  a  direct  bearing  on  the  revenue  of  the  central 
station,  and  it  is  important  to  know  how  much  the  accuracy 
will  change  after  a  few  years'  operation.  The  only  factors  which 
can  change  are  the  iron  loss  and  the  magnetizing  current.  In 
very  old  transformers,  aging  may  affect  these  factors,  but  no 
evidence  of  aging  has  been  found  in  the  silicon  steel  which  has 
been  used  in  first  class  transformers  for  the  past  ten  or  twelve 
years.  The  Committee's  report  shows  that  the  magnetic  history 
of  the  transformer  affects  its  accuracy,  and  this  seems  to  be  the 
principal  cause  of  changes  in  accuracy  in  good  modern  trans- 
formers. In  voltage  transformers  the  effect  of  a  change  in 
exciting  current  is  negligible,  while  in  current  transformers  it 
may  be  quite  appreciable.  It  is,  therefore,  more  important  to 
check  current  transformers  than  voltage  transformers. 
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Most  of  the  companies  which  have  adopted  periodic  testing 
have  come  to  one  of  the  secondary  methods  in  which  the  trans- 
former under  test  is  compared  with  a  known  standard  trans- 
former. If  the  standard  transformer  is  accurately  calibrated, 
these  methods  are  capable  of  very  good  results. 

C.  H.  Ingalls,  Boston :  I  wish  to  emphasize  the  importance 
of  the  results  on  Page  454  of  the  Report.  These  came  to  the 
attention  of  the  Transformer  Sub-Committee  rather  late  and 
there  was  no  time  to  make  exhaustive  tests,  but  the  results  indi- 
cate that  the  inaccuracies  found  in  service  tests  may  have  been 
due  to  short  circuits  rather  than  aging,  the  cause  to  which  they 
have  been  attributed  in  the  past.  I  think  the  Conmiittee  intends 
to  continue  this  invesigation.  The  tests  also  seem  to  indicate 
that  open  circuiting  the  secondary  does  not  affect  the  ratio  of 
the  transformer  as  much  as  we  have  thought  in  the  past,  and  this 
will  be  further  investigated. 

The  data  as  a  whole,  compiled  by  the  Committee,  indicate 
that  the  current  transformer  is  a  very  reliable  part  of  the  meter 
equipment,  the  results  being  consistent  for  each  type,  and  that 
there  is  little  deviation  between  the  different  types. 

C.  S.  Van  Dyke,  Schenectady,  N.  Y.:  About  two  years 
ago  we  made  tests  on  84  current  and  potential  transformers  in 
our  substation,  which  was  thirteen  yeats  old.  Some  of  these 
transformers  had  been  tested  when  built  by  the  General  Electric 
Company,  so  that  we  had  previous  records  for  comparison.  The 
change,  if  any,  in  the  ratio  or  characteristics  of  any  of  the 
transformers,  was  so  small  that  it  was  not  sufficient  to  pay  for 
a  periodic  test.  The  slight  difference  could  be  accounted  for 
by  the  personal  element,  different  methods  and  calibration  of 
instruments. 

It  is  our  conclusion  that  to  check  the  ratio  of  the  transformer 
at  one  or  two  points,  and  then  compare  these  results  with 
the  characteristic  curves  of  the  type  of  transformer,  shaping  the 
curve  to  the  points,  gives  a  very  good  idea  of  the  accuracy  with- 
out going  to  the  extreme  trouble  of  making  full  and  complete 
tests. 

The  only  likelihood  of  the  transformers  becoming  commer- 
cially inaccurate  is  through  mechanical  injury,  or  burning  out. 
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both  causing  the  insulation  between  turns  to  drop.  This,  we 
think,  will  show  itself  in  some  way  before  being  detected  by 
periodic  tests,  and  so  the  periodic  test  is  of  very  doubtful  value 
— except  the  initial  one. 

A  Member* :  In  our  Company  we  believed  the  difficulty  of 
broken  down  insulation  on  transformers  was  due  to  release,  and 
we  lifted  the  secondary  in  shimt  with  the  meter,  and  took  one 
reading.  Then  if  there  was  a  breakdown,  most  of  the  current 
would  go  through  the  secondary,  and  the  meter  would  be  very 
inaccurate.  If  it  showed  only  a  slight  inaccuracy  it  would  indi- 
cate the  transformer  did  not  have  a  short-circuit. 

H.  J.  Blakeslee,  Hartford,  Conn. :  The  Hartford  Electric 
Light  Company  has  used  secondary  methods  in  testing  current 
transformers  for  several  years.  At  present,  the  two  watthour 
meter  method  is  employed.  We 'have  been  very  particular  to  use 
as  a  comparison  or  reference  transformer  one  which  has  been 
standardized  with  a  secondary  load  consisting  of  the  same  meter 
elements  as  are  to  be  used  with  the  transformer  under  test  when 
put  into  service.  This  has  brought  up  a  question  as  to  whether 
in  some  of  the  primary  methods  of  testing  instrument  transform- 
ers, an  error  is  not  introduced  owing  to  the  secondary  load  being 
different  from  that  which  will  be  used  in  service. 

We  constructed  an  instrument  for  this  work,  using  two 
Sangamo  5  ampere  meter  elements  and  having  a  convenient 
switching  arrangement  for  interchanging  the  meter  elements. 
The  time  required  for  making  a  test  by  this  method  is  rather 
excessive  at  light  load  points.  Efforts  to  lessen  the'  time  re- 
quired, by  using  watthour  meters  of  smaller  current  rating,  are 
misdirected  as  an  error  is  thereby  introduced  due  to  change  in 
the  character  of  secondary  load. 

In  order  to  obtain  a  set  of  curves  for  our  comparison  cur- 
rent transformer,  we  wound  an  auxiliary  primary  coil  upon  its 
core,  making  the  nominal  ratio  one  to  one,  and  then  used  our 
watthour  meters,  one  on  the  primary  and  one  on  the  secondary 
of  the  transformer.  By  taking  readings  at  many  load  points  and 
letting  the  meters  run  for  a  large  number  of  revolutions^  we 
obtained  registration  curves  of  great  accuracy. 
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The  report  of  the  Meter  Committee  points  out  the  impossi- 
bility of  setting  a  meter  so  that  in  connection  with  its  trans- 
formers it  will  have  a  registration  of  100' per  cent  through  its 
entire  load  range.  For  this  reason  it  does  not  appear  that  trans- 
former phase  angle  curves  are  of  particular  value  in  ordinary 
meter  practice.  If  transformer  connection  factors  for  three  or 
four  points  are  known  and  intelligently  used,  the  resultant  over- 
all accuracy  can  be  made  sufficiently  close. 

Otto  A.  Knopp,*  San  Francisco,  Cal. :  In  our  company  it 
has  also  become  the  practice  not  to  fuse  potential  transformers  in 
polyphase  meter  installation,  but  this  practice  has  many  objec- 
tions. It  has  been  foimd  that  potential  transformers  will  get 
damaged,  introducing  large  errors  in  registration  while  staying 
on  the  line  due  to  lack  of  fuses.  To  overcome  this,  it  is  planned 
to  install  a  simple  little  device  in  connection  with  fuses  which  will 
stop  the  meters  in  case  only  one  of  the  fuses  blows. 

In  our  company  we  have  been  using  a  testing  equipment  to 
test  current  transformers  on  consumer's  premises,  but  this  was 
abandoned  several  years  ago  as  errors  found  in  the  transformers 
in  service  were  of  rather  small  order.  The  writer's  "two  watthour 
meter  method"  was  used  as  described  in  the  N.E.LA.  Bulletin 
of  November,  1916.  The  consumer's  meter  was  used  as  one 
meter  of  the  two  watthour  meter  method. 

The  Chairman  :  We  will  now  take  up  the  question  of  the 
Warren  Time  Element,  and  I  will  ask  Mr.  C.  H.  Ingalls  to  pre- 
sent that  subject.  This  item  promises  to  be  very  interesting 
and  is  of  much  wider  application  than  most  of  our  rules. 

C.  H.  Ingalls,  Boston:  I  think  that  meter  men  who  have 
had  occasion  to  use  time  elements,  particularly  in  demand  work, 
hav.e  realized  the  difficulty  in  obtaining  a  device  that  will  keep 
time  and  do  the  work  required  by  the  demand  feature  which 
imposes  a  heavy  duty  on  the  clock.  The  time  element  is  usually 
a  double  spring  clock  or  a  specially  made  movement,  and  it  is 
necessary  to  inspect  it  at  intervals  of  from  one  to  seven  days. 
Even  with  these  frequent  inspections  there  is  considerable  diffi- 
culty in  keeping  the  clocks  accurate.    A  summary  of  the  results 

•  Written  discussion  submitted  by  member  not  attendinf  convention. 
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obtained  from  spring-driven  clocks  shows  that  65  per  cent  are 
accurate  to  5  minutes  a  week  and  4  per  cent  will  be  found 
stopped. 

The  Warren  clock  is  a  synchronous  motor,  the  speed  of 
which  is  dependent  on  the  frequency  of  the  circuit  and  is  fully 
described  in  the  report.  This  clock  allows  us  to  operate  a 
•device  for  practically  any  length  of  time  without  frequent  visits 
and  has  plenty  of  power  to  drive  any  of  the  ordinary  instru- 
ments, with  a  splendid  margin  of  safety.  Demands  may  be 
synchronized  from  two  or  more  places,  since  with  the  Warren 
clock,  even  if  the  frequency  is  a  little  off,  all  the  clocks  will  run 
at  exactly  the  same  rate. 

Another  advantage  of  this  clock  is  its  continuous  uniform 
motion,  for  which  reason  it  may  be  readily  adapted  for  meas- 
uring short  time  intervals  in  place  of  a  stop  watch.  We  have 
very  few  practical  devices  for  this  purpose,  depending  mostly  on 
stop  watches  or  a  vibrating  mechanism.  With  a  watch  we  are 
unable  to  get  an  accuracy  better  than  1/5  of  a  second,  the  usual 
time  for  one  swing  of  the  balance  wheel.  By  a  suitable  attach- 
ment to  a  device  of  the  Warren  motor  type,  which  rotates  at  a 
continuous  uniform  speed,  measurements  may  be  made  to  1-200 
of  a  second.  Such  an  arrangement  is  small  enough  to  be  readily 
portable. 

Another  advantage  of  this  motor  is  the  matter  of  repairs. 
An  ordinary  clock  should  be  cleaned  at  least  once  a  year  or  a 
year  and  a  half,  which  usually  means  that  the  whole  instrument 
will  have  to  be  brought  back  to  the  central  station  and  imdergo 
thorough  cleaning.  The  Warren  motor  is  small  and  one  motor 
may  be  easily  substituted  for  another  on  the  system.  It  may  be 
interesting  to  compare  results  obtained  from  200  spring  clocks 
and  those  from  70  Warren  motors.  Based  on  2700  "clock 
weeks"  for  the  spring-wound  clocks,  35  per  cent  were  in  error 
more  than  5  minutes  per  week.  Only  10  per  cent  of  the  Warren 
clocks  were  in  error,  and  the  majority  of  these  errors  were  due 
to  opening  the  service  switch  for  repairs  on  the  installation,  no 
provision  having  been  made  to  connect  the  Warren  motor  back 
of  the  service  switch. 

The  Chairman:  Mr.  Warren,  will  you  sketch  briefly  the 
possibilities  of  the  commercial  applications  of  these  devices? 
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H.  E.  Warren,  Ashland,  Mass. :  If  any  of  you  had  been 
asked  two  or  three  years  ago  about  the  feasibility  of  controlling 
the  frequency  of  the  alternating  current  with  sufficient  accuracy 
to  run  a  clock,  you  would  all  have  been  ready  to  deny  the  pos- 
sibility, but  the  clock  on  the  wall  there  (indicating)  shows  what 
is  being  accomplished  by  the  Atlantic  City  Power  Company. 
There  is  a  device  at  the  central  station  so  that  at  any  lamp* 
socket  one  of  these  motor-driven  clocks  can  be  connected  and 
give  the  same  time  as  you  have  here.  Any  of  you  who  wish  to 
can  see  the  apparatus  in  operation  at  the  booth  in  the  main  hall 
on  the  pier.  I  have  here  in  my  hands  one  of  the  little  motors, 
so  you  can  get  an  idea  of  the  size,  shape  and  compactness  of  it. 
This  has  an  output  of  about  one-millionth  of  a  horse-power,  but 
the  fact  is  a  one-millionth  of  a  horsepower  is  large  as  compared 
with  an  ordinary  clock  movement.  The  clock  movements  actu- 
ally used  do  not  have  nearly  so  much.  The  power  required  to 
drive  the  hands  of  the  clock  on  the  wall  there  measures  one  one- 
billionth  of  a  horsepower.  The  power  in  this  motor  is  sufficient 
to  drive  any  recording  instrument  or  even  to  tear  the  paper  or 
to  slip  one  of  the  gears  on  its  shaft  if  the  normal  feed  is  pre- 
vented, i 

These  motors  can  be  used  in  all  places  where  an  ordinary 
spring-wound  clock  can  be  used.  Connection  with  existing 
mechanism  can  often  be  facilitated  by  the  use  of  a  small  flexible 
coupling.  The  various  regular  demand  indicators  have  been 
provided  for,  and,  if  you  wish  to,  you  can  examine  the  move- 
ments on  exhibition,  designed  to  fit  in  place  of  existing  move- 
ments. In  future  you  can  buy  equipments,  fitted  with  these 
motors,  for  practically  the  prices  of  those  instruments  driven  by 
the  spring  clocks. 

The  principal  advantage  of  the  method  is  that  the  cost  of 
maintenance  is  reduced  to  a  minimum  compared  with  that  of  a 
spring-wound  clock.  That  saving  is  so  great  that  the  expense 
of  the  apparatus  necessary  to  regulate  the  system  is  very  soon 
absorbed,  wherever  there  is  a  considerable  number  of  these  in- 
struments in  service.  The  method  of  regulating  is  no  longer  an 
experiment,  for  we  have  a  record  of  nearly  three  years  in  which 
it  has  been  in  use  on  the  Boston  Edison  system,  and  the  first 
motor  installed  two  years  ago  last  October  is  still  running,  and 


Digitized  by 


Google 


485 

has  been  ninning  twenty-four  hours  a  day  without  the  slightest 
inspection.  It  has  run  3600  revolutions  per  minute  during  that 
time,  so  a  good  many  turns  have  been  made. 

F.  J.  MuRMANN,  Mount  Vernon,  N.  Y. :  I  was  about  to 
ask  a  question  to  bring  out  discussion:  What  would  happen  to 
a  system  of  this  kind  in  an  outlying  district  where  you  had  150 
of  these,  and  the  line  came  down  ? 

The  Chairman  :  Do  you  mean  your  clock  system  or  your 
nieter  system. 

Mr.  Murmann  :  I  mean  an  outlying  system  with  these  clocks 
if  the  time  should  be  in  error. 

Mr.  Warren:  Of  course,  while  the  current  was  inter- 
rupted the  motors  would  stop.  No  record  would  be  made  during 
that  interval,  and  inasmuch  as  no  current  would  be  consumed, 
there  would  be  no  error  in  that  device. 

There  are  two  types  of  clocks  made,  one  in  which  an  auxil- 
iary movement  is  made  to  keep  the  hands  moving  and  the  other 
in  which  an  indicator  appears  when  an  interruption  occurs  so 
that  it  will  be  reset.  On  well  built  systems  the  loss  of  time  or 
of  errors,  due  to  the  stoppage  of  the  motors,  is  small  in  compari- 
son with  present  devices. 

These  are  instruments  of  precision.  The  motors  will  run 
synchronous  with  the  big  clock  at  the  station  house;  and  that 
will  run  within  a  few  seconds  a  week,  so  that  compared  with  the 
ordinary  balance  wheel  movement,  you  can  tolerate  some  inter- 
ruptions. 

S.  G.  Rhodes,  New  York  City :  In  order  to  bring  out  the 
point  Mr.  Warren  has  made,  I  understood  Mr.  Warren  to  show 
what  the  motor  would  do.  He  did  not  advocate  the  selling  of 
time  service,  is  that  correct? 

Mr.  Warren  :  That  is  correct. 

Mr.  Rhodes:  You  fear,  Mr.  Murmann,  that  we  would 
have  a  criticism  from  the  customers  to  whom  we  were  selling 
time? 

Mr.  Murmann  :  You  would  have  several  hundred  instru- 
ments that  would  be  so  much  inaccurate  in  time  at  the  one  instant. 
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The  Chairman:  Suppose  that  they  are  on  street  or  sign 
lighting?  Suppose  they  are  all  turned  on  and  oflF,  all  the  lights 
at  a  given  time,  and  you  have  an  interruption  of  half  an  hour, 
what  would  be  the  situation  then? 

Mr.  Warren:  The  clocks  will  stop  during  the  interrup- 
tion unless  an  auxiliary  is  applied  to  keep  the  hands  moving. 

The  Chairman:  Is  the  man  having  it  in  his  premises 
made  to  reset  it? 

Mr.  Rhodes  :  There  is  no  doubt  of  the  value  of  the  War- 
ren Time  Device,  when  applied  to  the  type  of  device  we  are 
speaking  of  and  for  the  service  we  are  speaking  about,  that  is, 
^s  a  substitute  for  spring-wound  clocks  in  use  in  combination 
with  graphic  meters,  demand  meters  or  time  switches.  If  we 
were  to  sell  time  through  the  clock  as  on  the  wall  it  might 
possibly  embarrass  a  company  as  the  frequency  of  a  system  is 
accepted  to  be  correct  when  within  5  per  cent  plus  or  minus  and 
also  any  interruption  of  the  service  at  any  point  makes  for  an 
incorrect  timing  device. 

The  Chairman:  The  point  that  appeals  to  me  is  that 
through  this  method  you  keep  better  frequency  on  yourself,  par- 
ticularly in  the  weaving  establishments  and  the  cotton  mills  of 
the  South.  It  seems  to  have  its  greatest  gain  for  the  power  com- 
panies through  that  method.  How  much  more  accurate  can  fre- 
quency be  kept  by  this  method  ? 

Mr.  Warren:  One  per  cent  error  would  represent  14>^ 
minutes  a  day,  and  it  is  easy  to  hold  the  error  down  to  l-lOOth 
of  1  per  cent  on  the  average. 

Mr.  Murmann  :  How  would  this  stand  up  under  short  cir- 
cuit conditions  ? 

Mr.  Warren:  The  motor  will  run  to  synchronism  at  15 
per  cent  of  normal  voltage  and  at  150  per  cent.  It  is  not  injured 
by  a  momentary  over-voltage  of  1000  per  cent. 

W.  J.  Mowbray,  Providence,  R.  I. :  I  would  like  to  tell  what 
we  have  done  in  Providence  to  r^^late  our  frequency  with  this 
clock.    We  had  a  good  deal  of  trouble  in  our  spinning  and  tex- 
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tile  mills.  If  our  frequency  ran  high,  the  material  man  would 
say  that  his  threads  were  being  broken,  and  if  it  went  too  slow, 
he  was  getting  too  many  pounds  in.  So  we  adopted  this  dock, 
not  with  the  object  of  selling  time,  but  with  the  object  of  regu- 
lating frequency. 

Mr.  Warren  makes  a  clock,  electrically  controlled,  which 
regulates  closely,  and  we  felt  if  we  did  not  want  to  sell  time, 
we  would  get  out  of  it  cheaply.  We  have  a  company  in  Provi- 
dence that  maintains  a  great  number  of  clocks,  and  sends  a  man 
each  week  to  regulate  them.  We  had  one  of  these  clocks  in  the 
bookkeeper's  office  which  I  had  moved  up  to  the  switchboard, 
and  put  alongside  of  it  a  Warren  clock  such  as  you  see  on  the 
wall,  which  I  purchased  for  $15,  and  the  man  regulating  the  fre- 
quency watched  them.  If  he  noticed  the  Warren  clock  was  drag- 
ging behind,  he  would  keep  up  on  his  frequency,  and  vice  versa. 
In  that  way  we  are  getting  the  same  number  of  total  turns  to 
date,  and  we  have  not  the  trouble  in  breaking  threads,  or  of 
being  called  up  and  told  we  are  giving  poor  service.  That  is 
the  way — ^put  a  good  clock  alongside  your  low-priced  Warren 
clock  and  you  are  in  position  then  to  do  the  work.  That  settles 
the  frequency  problem  for  you. 

The  Chairman:  We  must  move  on  now.  The  next  two 
questions  we  will  take  up  jointly,  "Fusing  of  Potential  Trans- 
formers" and  "The  Maximum  Demand."  Mr.  Magalhaes  will 
abstract  that  porticm  of  the  Report  for  us. 

(Mr.  Magalhaes  read  pagea  29,  30  and  31  of  the  advance 
printed  report,) 

Mr.  Murmann  :  Regarding  the  fusing  of  potential  trans- 
formers, it  is  our  practice  at  2200  volts  to  connect  them  direct  to 
the  line  without  fuses,  for  instruments  and  watthour  meters. 

Our  next  higher  voltage  being  13,200  volts,  three  phase,  I 
would  like  to  ask  if  there  are  any  companies  that  have  potential 
transformers  on  13,200  volts  without  fuses? 

J.  H.  Sturge^  Trenton,  N.  J.:  Whether  to  use  fuses  on 
potential  transformers  is  simply  a  question  of  balance  between 
the  saving  in  apparatus  by  the  fuse  protection  as  against  the  loss 
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in  revenue  on  account  of  fuse  trouble.  Most  of  our  large 
power  customers  are  buying  service  at  2400  volts  and  the  mini- 
mum 2400  volt  fuse  which  is  used  for  potential  transformers  is 
rated  at  }i  ampere  or  is  designed  to  blow  at  a  load  approximat- 
ing 2  kv-a.  This  fuse  is  used  in  connection  with  potential  trans- 
formers rated  at  50  to  200  volt-amperes,  and  obviously  gives  no 
protection  against  overload  except  possible  direct  short  circuit 
We  have  even  fotmd  instances  of  fuses  not  blowing  on  second- 
ary short  circuit.  Obviously,  the  fuse  gives  no  real  protection, 
but  the  annoyance  in  adjusting  bills  and  the  loss  experienced  on 
account  of  blown  potential  fuses  clearly  indicate  that  these  trans- 
formers should  be  connected  in  solidly. 

Others  of  our  large  power  consumers  are  buying  service  at 
13,200  volts,  and  we  are  serving  these  customers  with  potential 
transformers  connected  in  solidly  without  fuses,  as  we  found 
that  fuse  trouble  was  the  only  real  trouble  experienced.  Some  of 
these  installations  have  been  in  service  for  several  years  with  a 
record  of  no  potential  transformers  lost. 

Recent  development  in  our  own  substaticm  practice  on  po- 
tential transformers  for  relay  operation  and  for  other  important 
apparatus  of  this  character  is  tending  toward  the  complete  elimi- 
nation of  fuses  in  spite  of  the  fact  that  this  apparatus  is  in  care  of 
and  subject  to  the  direct  scrutiny  of  a  competent  substation 
operator.  We  believe  that  the  use  of  fuses  for  potential  trans- 
formers generally  should  be  discontinued. 

C.  A.  Harrington,  Youngstown,  O. :  Our  company  is 
using  2200  volts  potential  transformers  without  fuses. 

Wm.  Wadsworth,  Minneapolis:  We  have  ten  installations 
that  we  meter  at  13,000  volts.  They  have  been  in  operation  ten 
years  without  fuses,  and  we  have  had  no  trouble  or  loss  of  ser- 
vice due  to  leaving  fuses  out  of  these  potential  transformers. 

'W.  H.  Fellows,  Washington,  D.  C. :  We  have  both  cases, 
and  have  had  only  one  case  of  trouble  without  fuses.  The  trans- 
former burned  out  or  short  circuited  internally,  and  the  lead 
burned  off.    There  was  no  interruption  of  service. 

J.  B.  GiBBS,  Pittsburgh,  Pa. :  It  seems  as  though  there  might 
be  two  questions  to  consider  here — one  is  protection  of  the  trans- 
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formers,  and  the  other  is  protection  of  the  system.  It  is  practi- 
cally impossible  to  protect  a  voltage  transformer  with  fuses,  but 
if  the  transformer  is  so  located  that  trouble  there  might  result 
in  trouble  in  the  system,  then  fuses  might  be  put  in  to  discon- 
nect it.  With  large  high  voltage  systems  it  is  customary  to  use 
protective  resistors  in  series  with  voltage  transformer  fuses,  to 
limit  the  short  circuit  current. 

C.  J.  Kellam,  Newark,  N.  J. :  We  use  solid  fuses  in  all  our 
potential  transformers,  which  in  case  of  trouble  may  be  used 
to  disconnect  the  transformer  from  the  line.  These  transform- 
ers may  be  placed  either  ahead  of  or  behind  the  disconnecting 
switches,  but,  as  it  is  necessary  to  send  out  and  have  these  fuses 
removed  where  it  is  necessary  to  make  any  tests  on  the  line, 
our  rules  are  to  connect  them  after  the  disconnecting  switches. 

The  Chairman  :   This  is  open  now  for  general  discussion. 

H.  L.  Wallau,  Cleveland:  When  we  first  made  the  sta- 
tion, we  used  fuses  of  2200  volts.  The  first  year  we  found  the 
fuses  had  blown  twice,  that  is,  one  had  blown  on  two  different 
occasions,  and  it  was  rather  difficult  to  check  up  just  how  much 
we  lost.  After  we  lost  the  second  one,  we  decided  to  leave  the 
fuse  holders  in,  but  to  fasten  them  in.  They  have  been  installed 
two  years  now.  We  have  not  had  any  trouble  with  them.  I  do 
not  see  any  objection  to  that  practice. 

The  Chairman  :  Has  anyone  an)rthing  to  say  about  maxi- 
mum demand? 

J.  C.  Martin,  Allentown,  Pa. :  In  the  matter  of  power  fac- 
tor indicators,  we  have  found  that  the  graphic  indicators  avail- 
able are  not  accurate  over  a  wide  enough  range  to  meet  condi- 
tions. The  two  single-phase  watthour  meter  method,  of  course, 
does  not  give  accurate  results  on  an  unbalanced  circuit.  Con- 
tracts containing  power  factor  clauses  are  not  unusual,  but  en- 
forcement of  such  clauses  is  decidedly  unusual.  This  is  due 
largely  to  the  lack  of  proper  instruments  to  obtain  accurate 
measurements. 

Two  instances  occurring  recently  indicate  that  as  a  result 
of  this  condition  we  are  not  getting  the  benefit  of  the  power  fac- 
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tor  correction  capacity  of  equipment  now  connected  to  our  sys- 
tems. In  the  first  case  we  were  experimenting  and  put  in  two 
single-phase  watthour  meters  to  learn  what  conditions  existed, 
the  customer  not  realizing  what  we  were  doing  tmtil  the  test  was 
well  under  way.  The  improvement  in  the  power  factor  condi- 
tions between  the  beginning  and  the  end  of  the  test  was  rather 
astonishing  and  showed  what  could  be  accomplished  if  a  power 
factor  clause  were  really  enforced. 

The  second  was  in  a  comparatively  small  installation,  where 
we  discovered  a  rotary  converter  operating  under  the  worst  pos- 
sible power  factor  conditions.  The  operator  refused  to  make 
any  changes  that  would  improve  conditions,  as  he  had  been  told 
that  if  he  operated  his  machine  in  any  other  way,  h2  would 
bum  it  up.  These  instances  tend  to  show  that  the  development 
of  proper  methods  and  instnunents  for  power  factor  determina- 
tion is  of  extreme  importance. 

J.  H.  Sturge,  Trenton,  N.  J. :  I  must  disagree  with  the  pre- 
vious speaker  as  to  the  use  of  a  rotary  converter  for  power  factor 
correction,  except  insofar  as  the  power  factor  may  be  corrected 
by  adding  a  imity  power  factor  load  to  a  load  already  operating 
at  a  lagging  power  factor,  and  thus  bringing  the  power  factor 
to  some  point  nearer  unity.  A  rotary  converter  is  so  constructed 
that  if  any  attempt  be  made  to  operate  at  leading  power  factor, 
trouble  with  the  "tap"  coils  will  inevitably  be  experienced,  and 
the  length  of  time  before  this  trouble  is  experienced  will  depend 
upon  the  percentage  of  rated  load  that  is  carried  by  the  con- 
verter. Any  attempt  to  operate  at  full  direct  current  load  with 
a  power  factor  beyond  the  limits  of  95  per  cent  or  96  per  cent 
lead  or  lag  will  soon  result  in  coil  trouble,  and  for  straight  power 
factor  correction  resort  must  be  had  to  static  or  rotary  condens- 
ers. For  correction  of  power  factor  with  no  additional  mechani- 
cal load  to  be  carried,  the  use  of  the  static  condenser  is  clearly 
indicated. 

Mr.  Fellows:  The  present  watthour  meter,  especially 
for  alternating  current,  has  been  brought  to  a  high  degee  of 
perfection,  and  we  are  satisfied  with  its  continued  operation  over 
long  periods.  This  is  not  so  with  the  demand  meter.  The  de- 
mand meter  needs  frequent  attention.    The  only  thing  I  can  say 
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to  the  Committee  is  to  **keep  eternally  at  it"  until  we  get  what 
we  want. 

W.  J.  Mowbray,  Providence,  R.  I. :  In  Providence  we  found, 
as  has  been  found  elsewhere,  that  the  cheap  mechanism  demand 
meters  were  very  unsatisfactory,  and  the  satisfactory  ones  very 
high  in  price,  and  really  I  have  come  to  the  conclusion  that  to 
gei  all  you  want  in  the  way  of  a  mechanism  demand  meter,  you 
need  a  gaphic  watt  meter,  and  it  would  not  be  practical  to 
install  graphic  watt  meters  on  all  these  customers.  So  we  use 
a  few  of  them  to  take  the  place  of  a  great  number,  and  ship  them 
from  place  to  place.  The  man  has  an  automobile  and  a  com- 
paratively small  number  of  graphic  watt  meters.  Of  course 
when  the  meters  are  moved  from  place  to  place,  there  is  an 
exchange  of  meter,  and  there  is  a  question  of  whether  you  hit 
the  maximum  demand  or  not.  You  must  get  in  on  a  man's  peak, 
and  to  ensure  getting  in  on  that  peak,  we  have  a  system.  We 
take  Mr.  Smith's  business,  as  an  example:  If  his  kilowatt  hours 
double,  his  maximum  demand  has  increased  very  largely.  Now 
in  the  office  we  plot  a  curve  of  kw-hr.  and  that  curve  would  look 
something  like  this  (speaker  illustrates  curve  on  blackboard). 
This  particular  customer  is  the  Cruikshank  Engine  Company. 
This  card  covers  a  period  of  two  years  and  shows  this  kw. 
capacity  has  varied  in  this  way  for  those  two  years.  Here  is 
nothing  here  (indicating  on  diagram)  and  so  on.  We  have  here 
(indicating)  one  hundred  to  two  hundred,  and  so  on  up  to  one 
thousand. 

Now,  we  have  these  cards  and  we  know  this  mkn's  busi- 
ness peaks  are  in  November.  The  peak  will  nearly  always  come 
in  the  same  month. 

Last  year  we  put  in  a  graphic  meter  for  one  month.  This 
curve  gives  us  warning  whether  that  man's  demand  will  be  larger 
or  less  than  before.  Here  we  found  that  one  month  before  the 
peak  would  come,  he  was  taking  as  much  as  he  did  last  year  in 
the  peak.  So  we  put  in  the  peak.  But  it  takes  only  a  month 
and  then  we  can  take  that  graphic  meter  and  use  it  elsewhere 
on  customers  having  a  peak  which  does  not  come  at  the  same 
time  this  man's  peak  comes. 

We  have  had  this  in  operation  for  some  time  and  we  believe 
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that  one  man  and  an  automobile  and  a  few  meters  is  all  that  is 
necessary  for  the  work. 

The  Chairman  :  We  will  now  have  the  report  of  the  Nom- 
inating Committee,  and  in  the  absence  of  Mr.  Sproule,  Chairman 
of  the  Committee,  I  will  ask  Mr.  Magalhaes  to  present  the  report 

Report  of  Nominating  Committee 
Your  Nominating  Committee  has  the  honor  to  report  the 
following  nominations  for  officers  of  this  Section  for  the  ensu- 
ing year: 

For  Chairman,  I.  E.  Moultrop,  The  Edison  Electric  Illu- 
minating Company  of  Boston,  Mass. 

For  Vice  Chairmen,  N.  A.  Carle,  Public  Service  Electric 
Company,  Newark,  N.  J.;  A.  H.  Lawton,  Consum- 
ers Power  Company,  Jackson,  Michigan. 

Member  of  Executive  Committee,  R.  F.  Schuchardt,  Com- 
monwealth Edison  Company,  Chicago,  Illinois. 

(Vacancy  in  Executive  Committee  caused  by  election  of  Mr. 
I.  E.  Moultrop  as  Chairman  of  the  Section,  to  be  filled  at  the 
first  meeting  of  the  Executive  Committee.) 

(Motion  made,  seconded  and  carried,  that  the  nominations 
be  closed,  and  that  the  Secretary  cast  the  unanimous  ballot  for 
the  gentlemen  named.) 

(The  Secretary  reported  that  he  had  cast  one  ballot  for 
the  gentlemen  named  in  the  Nominating  Committee's  Report 

The  Chairman:  I  declare  the  ticket  duly  elected.  The 
hour  is  late  and  I  declare  the  meeting  adjourned. 

(Session  adjourned.) 
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REPORT  OP  THE  SPECIAL  JOINT  COMMITTEE  ON 

DETERMINATION  OF  POWER  FACTOR  IN 

POLYPHASE  CIRCUITS 

The  subject  of  "Power  Factor"  has  been  prominent  in  the 
discussion  this  morning,  although  Mr.  Dow  has  carefully  avoided 
saying  anything  as  to  what  constituted  'Tower  Factor"  or  as  to 
proper  methods  of  determining  it.  It  is  to  clarify  the  situation 
in  regard  to  these  points  that  this  Special  Joint  Committee  on 
Determination  of  Power  Factor  in  Polyphase  Circuits  was  estab- 
lished. 

A  number  of  men  and  organizations  in  recent  years  have 
given  study  to  the  power  factor  problem  and  one  of  the  first 
things  which  develops  in  such  a  study  is  the  fact  that  there  is 
no  generally  accepted  definition  of  the  term  "power  factor"  as 
applied  to  pol)rphase  circuits,  nor  even  as  to  the  underlying  pur- 
pose which  such  a  definition  should  serve  to  express.  This  con- 
dition of  imcertainty  has  arisen  naturally  from  the  fact  that 
until  recently  there  has  been  little  practical  commercial  incentive 
to  establish  a  universally  accepted  understanding  as  to  these 
points. 

This  absence  of  practical  incentive  is  due  to*  the  fact  that 
most  polyphase  loads  hitherto  have  been  approximately  balanced, 
while  the  differences  between  various  possible  definitions  of 
"power  factor"  become  of  importance  only  in  unbalanced  loads. 
At  present,  however,  there  are  increasing  developments  in  types 
of  industrial  power  loads  which  are  attended  by  unbalanced  con- 
ditions between  the  phases,  unbalances  as  to  amounts  of  loads 
and  as  to  phase  relations.  In  such  cases  the  numerical  factor 
may  vary  widely  with  different  definitions. 

The  increasing  commercial  importance  of  this  character  of 
load  and  the  tendency,  as  brought  out  at  the  discussion  this  morn- 
ing, toward  such  refinements  in  power  contracts  and  rates  as  will 
reflect  accurately  the  various  elements  entering  into  the  cost  of 
service,  have  combined  to  render  the  problem  a  matter  of  im- 
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mediate  practical  interest.  The  need  for  an  authoritative  uiider- 
standing  has  resulted  in  this  Special  Joint  Committee  being  formed 
between  the  American  Institute  of  Electrical  Engineers  and  the 
National  Electric  Light  Association.  This  does  not  mean  that 
the  work  of  the  Committee  will  be  confined  to  these  two  associa- 
tions. If  other  bodies  or  associations  are  interested  and  desire 
to  participate  in  the  work  they  will  be  welcome. 

The  subject  has  proved  more  involved  and  complicated  than 
would  appear  on  the  surface,  and  our  work  thus  far  has  consisted 
mainly  of  collecting  a  large  amount  of  information  from  various 
sources  as  to  possible  definitions  of  "power  factor."  The  diyer- 
gency  of  views  is  rather  astonishing.  The  subject  is  one  of  inter- 
national significance  and  this  Committee  will  coordinate  its  work 
with  that  of  other  bodies  abroad. 

The  Committee's  aim  has  been  set  very  high,  and  it  hopes 
to  accomplish  the  following  results : 

First — ^To  consider  the  purpose  to  be  fulfilled  in  the  use  of 
the  term  "power  factor"  in  the  commercial  engineering  and 
scientific  aspects  of  the  electrical  art. 

Second — ^To  oifer  for  the  electrical  industry  in  the  United 
States  a  definition  which  will  definitely  and  correctly  express  this 
purpose  and  will  be  suitable  for  scientific,  legal  and  commer- 
cial use. 

Third — To  study,  probably  in  conjimction  with  the  manufac- 
turers, the  best  available  means  of  measuring  the  function  thus 
defined. 

The  Committee  may  possibly  offer  also  certain  suggestions 
or  recommendations  as  to  methods  of  providing  for  power  factor 
in  contracts  and  rates. 

The  Conmiittee  is  small  and  the  questions  involved  are  of 
wide  interest.  We  hope  that  anyone  who  has  made  any  particu- 
lar study  of  the  subject  or  has  any  information  which  will  be 
of  assistance  in  carrying  out  the  Committee's  program  will  com- 
municate with  the  Committee  and  take  part  in  its  meetings. 

The  Conmiittee  was  organized  in  February  of  this  year  and 
held  its  first  working  meeting  on  April  10th.    The  next  meeting 
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will  probably  be  held  within  two  months.    The  present  personnel 
is  as  follows : 

R  J  McClelland  Chairman 
Farley  Osgood  Vice-chairman 
S   G  Rhodes  Secretary 
Dr  P  G  Agnew 
Frane  Conrad 
F  PCox 

F    C    HOLTZ 

Dr  A  E  Kennelly 

E  W  Lloyd 

G   A   Sawin 

R  F  Schuchardt 
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BY-LAWS  OP  THE  TECHNICAL  AND  HYDRO-ELEC- 

TRIC  SECTION  OP  THE  NATIONAL  ELECTRIC 

LIGHT  ASSOCIATION 

Amended  and  Adopted  at  Forty-first  Convention,  Atlantic  City. 
N.  J.,  June  14,  1918 

Article  I — Name 

Section  1. — The  name  shall  be  Technical  and  Hydro-Electric 
Section  of  the  National  Electric  Light  Association. 

Article  II — Object 

Section  1.-  The  object  of  the  Technical  and  Hydro-Electric 
Section  shall  be  to  advance  the  interests  of  the  National  Electric 
Light  Association  by  bringing  together,  into  one  group,  those 
members  of  the  Association  who  are  technically  qualified  or  es- 
pecially interested  in  the  theories  and  application  of  engineering 
principles  relating  to  the  electric  light  and  power  industry,  to  the 
end  that  opportunity  may  be  given  for  the  study  of  those  prin- 
ciples and  the  development  of  the  best  practises  in  their  appli- 
cation to  the  industry;  to  collect  and  disseminate  useful  informa- 
tion relating  to  the  production,  distribution  and  utilization  of  elec- 
trical energy ;  to  promote  the  general  adoption  of  the  best  meth- 
ods and  practises  for  attaining  these  ends  and,  in  general,  to  con- 
sider and  report  upon  such  questions  as  may  be  assigned  to  it 
by  the  Executive  Committee  of  the  Association. 

Article  III — Status 

Section  1.  The  Technical  and  Hydro-Electric  Section  is  a 
National  Special  Section  of  the  National  Electric  Light  Asso- 
ciation, organized  in  accordance  with  the  provisions  of  Sections 
1,  2,  3  and  4  of  Article  XVI  of  the  Constitution  of  the  National 
Electric  Light  Association. 

Article  IV — Membership 

Section  1. — Membership  in  this  Section  shall  be  of  two 
classes,  Active  and  Associate. 

Section  2. — Active  Members  shall  be  Class  B  or  Class  E 
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Members  of  the  National  Electric  Light  Association  who  shall 
become  affiliated  with  the  Section.  Each  Active  Member  shall 
be  entitled  to  one  vote  and  to  hold  office. 

Section  3. — Associate  Members  shall  be  other  than  Class  B 
or  Class  E  Members  of  the  National  Electric  Light  Association, 
who  shall  become  affiliated  with  the  Section.  They  shall  have  all 
the  privileges  of  Active  Members  except  the  right  to  vote  and 
hold  office.  Loss  of  membership  in  the  National  Electric  Light 
Association  automatically  cancels  membership  in  this  Section. 

Section  4. — ^AU  members  shall  receive,  in  consideration  of 
their  membership,  such  copies  of  publications  of  the  National 
Association  and  of  all  Section  pi^^V^-^^^^^g^as  shall  be  designated 
for  free  distribution,  in  the  same4nanner  as  do  members  of  other 
National  Special  Sections. 

Article  V — Officers 

Section  1. — The  officers  of  this  Section  shall  be  a  Chairman, 
four  Vice-Chairmen,  a  Secretary  and  a  Treasurer,  all  of  whom 
shall  be  active  members  of  the  Section.  The  Chairman  and  two 
Vice-Chairmen  shall  be  elected  at  each  annual  meeting  for  terms 
of  one  year  and  two  years  respectively  (at  the  annual  meeting 
in  1918  there  shall  also  be  elected  two  Vice-Chairmen  for  terms 
of  one  year  only),  or  shall  hold  office  imtil  their  successors  are 
elected.  The  Secretary  and  Treasurer,  who  may  be  one  person, 
shall  be  appointed  by  the  Executive  Conmiittee  .  Vacancies  in 
any  office  may  be  filled  for  the  remainder  of  the  term  by  the 
Executive  Committee. 

Section  2. — ^There  shall  be  an  Executive  Committee  consist- 
ing of  the  Chairman,  the  two  Past-Chairmen  who  have  last 
held  the  office  of  Chairman,  the  four  Vice-Chairmen,  two  mem- 
bers at  large  and  the  Chairmen  of  the  Standing  Committees,  all 
of  whom  shall  be  active  members  of  the  Section.  One  member 
at  large  shall  be  elected  at  each  annual  meeting  for  a  term  of  two 
years  (at  the  annual  meeting  in  1918  there  shall  also  be  elected 
one  member  at  large  for  a  term  of  one  year  only),  or  shall  hold 
office  until  his  successor  is  elected.  The  Executive  Committee 
shall  be  the  governing  body  of  the  Section  and  shall  have  entire 
charge  of  its  affairs.    It  shall  hold  meetings  upon  the  call  of  the 
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Chairman  and  a  majority  of  its  membership  shall  constitute  a 
quorum. 

Section  3.— The  Chairman  shall  be  the  Chief  Executive 
Officer  of  the  Section  and  shall  represent  the  Section  on  the 
Executive  Committee  of  the  National  Electric  Light  Association. 
He  shall  preside  at  all  meetings  of  the  Section  or  of  its  Executive 
Committee.  The  Chairman  shall,  with  the  approval  of  the  Execu- 
tive Conunittee  of  the  Section,  name  such  committees  as  may 
seem  desirable  and  he  shall  appoint  the  members  thereof.  The 
terms  of  all  committee  members  shall  terminate  at  the  same  time 
as  the  term  of  the  Chairman  by  whom  they  were  appointed,  unless 
sooner  terminated  by  Article  f-'^^ommittee.  In  the  absence 
or  disability  of  the  Chairman,  ^  >  x^e-Chairman  shall  exercise 
the  authority  and  perform  the  duties  of  the  Chairman. 

Section  4. — ^The  Treasurer  shall  receive  and  keep  safely  all 
moneys  of  the  Section,  keep  correct  account  of  same,  and  pay  all 
bills  approved  by  the  Executive  Committee.  He  shall  make  a 
quarterly  report  to  the  Executive  Committee  and  an  annual  report 
to  be  submitted  at  the  annual  meeting  of  the  Section,  and,  if  the 
Executive  Committee  so  decides,  he  shall  give  a  bond  in  such  a 
sum  and  with  such  securities  as  the  Executive  Committee  shall 
prescribe. 

Section  5. — The  Secretary  shall  keep  the  minutes  of  all  the 
proceedings  of  the  Section  or  of  its  Executive  Committee,  shall 
give  notice  of  all  meetings,  keep  a  record  of  the  membership, 
file  reports  in  writing  of  the  activities  of  this  Section  with  the 
Secretary  of  the  National  Electric  Light  Association  as  required 
in  Section  2,  Article  XVII,  of  the  Constitution  of  the  National 
Electric  Light  Association,  and  perform  such  other  duties  as  may 
be  assigned  to  him  by  the  Executive  Committee. 

Article  VI — Meetings 

Section  L — Regular  Annual  Meetings  of  the  Section  shall 
be  held  at  the  time  and  place  of  the  National  Convention  of  the 
National  Electric  Light  Association.  Special  meetings  may  be 
held  upon  the  order  of  the  Executive  Committee. 

Section  2. — At  all  meetings  of  the  Section  ten  Active  Mem- 
bers shall  constitute  a  quorum  for  the  transaction  of  business. 
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Article  VII — Elections 

Section  1. — The  Executive  Committee  shall  appoint  a  Nomi- 
nating Committee  consisting  of  five  Active  Members,  and  the 
Chairman  shall  announce  the  names  of  the  members  so  selected 
at  the  first  session  of  the  annual  meeting  of  the  Section.  This 
Nominating  Committee  shall  at  a  subsequent  executive  session 
of  the  Section  bring  in  the  names  of  those  recommended  by  it 
for  the  offices  to  be  filled. 

Section  2. — ^Any  active  member  may  make  nominations  for 
any  of  the  offices  to  be  filled,  which  nominations  if  seconded  shall 
be  submitted  for  voting  upon  at  the  same  time  and  in  the  same 
manner  as  those  of  the  Nominating  Committee.  Whenever  there 
are  more  nominees  than  offices  to  be  filled,  then  in  such  cases, 
the  election  shall  be  decided  by  ballot.  When  there  is  no  contest 
for  office  the  Secretary  may  be  instructed  by  inva  voce  vote  to 
cast  a  ballot  for  those  recommended  by  the  Nominating  Com- 
mittee. 

Section  3. — ^Voting  by  proxy  shall  not  be  allowed. 

Article  VIII — Official  Organ 

Section  1. — The  Official  Organ  of  the  Section  shall  be  the 
Monthly  Bulletin  of  the  National  Electric  Light  Association. 
Article  IX — Parliamentary  Rules 

Section  1. — Robert's  Rules  of  Order  shall  be  the  governing 
parliamentary  law  of  the  Section  in  all  cases  not  definitely  pro- 
vided for  by  its  By-Laws. 

Article  X — Amendments 
Section  L — ^Amendments  to  these  By-Laws  may  be  offered 
in  writing  at  any  meeting  of  the  Section,  and  shall  then  be  re- 
ferred to  a  Committee  to  be  elected  by  the  Section  which  shall 
report  at  a  subsequent  meeting  of  the  Section.  A  two-thirds  vote 
of  all  Active  Members  present  shall  be  necessary  for  their  adop- 
tion, and  such  amendments  must  be  approved  by  the  Executive 
Committee  of  the  National  Electric  Light  Association. 

Article  XI 

These  By-Laws  are  subject  to  the  Constitution  of  the  Na- 
tional Electric  Light  Association,  and  no  provision  herein  con- 
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tained  or  any  amendment  hereafter  adopted  shall  be  valid  if  in 
conflict  with  said  Constitution  or  with  any  amendment  thereto 
that  may  hereafter  be  adopted. 

The  formation  of  a  Technical  and  Hydro-Electric  Section  of 
the  National  Electric  Light  Association  was  authorized  upon  the 
request  of  the  required  number  of  Class  A  Members  of  the 
National  Electric  Light  Association,  and  the  By-Laws  of  said 
Technical  and  Hydro-Electric  Section,  as  above  presented,  were 
approved. 
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In  the  electrical  field,  for  over  half  a  century,  the  name 
"Noark"  has  been  the  mark  of  manufacture  with  labo- 
ratory precision,  calibration  and  testing  at  every  stage; 
the  name  Johns-Manville  the  mark  of  a  responsibility 
which  assures  to  the  user  satisfactory  service. 

Johns-Manville  Electrical  Products 

Noark  N.  BL  C.  Fusei  Vuleaniaed  Htrd  Fibre 

Noark  Bcnewable  Fukm  Moulded  IniuUtlon 

Notrk  Cotoot  Bues  Fibre  Oooduit 

Notrk  Berrlee  and  Subway  Bozet  Ebony  and  Transite  Asbestoi  Wood 

Noark  Berrlea  and  Meter  Proleetlre  Defrloea    Inralatinff  Tapee 

J-P  Line  Material  Niagrite  Cable  Corerlng 

"Noark"  Electrical  Products  Manufactured 

by  The  Johns-Pratt  Co.»  Hartford,  Conn. 

Sol«  S«Uins  Ac«nU 

H.  W.  JOHNS-MANVILLE  CO.  ' 

New  York  City 
10  FactorlM  BranchM  in  63  Larf«  CitUa 


Alternating  Current  Motors 

Repulsion  Start  Induction  Automatic  Start  Induction 

SINGLE  PHASE  POLYPHASE 

1-10  to  40  H.  P.  1-2  to  60  H.  P. 

High  starting  torque. 
Low  starting  current. 
Quiet  operation. 

Adapted  to  remote  and  automatic  control. 
Only  a  knife  switch  is  required  to  start 
th^n. 

Century  Electric   Company 

2aP.  SbglePhaee  ST.    LOUIS,    U.  S.  A. 

^^  Sales  Offices  in  Principal  Cities 
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The  American 
Appraisal    Company 

INCORPORATED 

MILWAUKEE  NEW  YORK 

Branoe  Offices  in  Principal  Cities 
THE  CANADIAN  APPRAISAL  CO..  Ltd. 

MONTRKAL  TORONTO 

Appraisals  and  Reports  on  Public  Utility, 

Municipal,  Industrial  and 

Commercial  Properties 

The  American  Appraisal  Company  is  a  recognised  authority  on  property 

costs  and    yalues    with  an  experience  of  twenty-three 

years  devoted  exclusively  to  specialised  service 

in  appraisal  and  allied  lines. 

leea-ieie 


Digitized  by 


Google 


}c8 Li  ti'u 


Electrical  Wires  and  Cables 


Aerial  Cables 
Annunciator  Wire 
Automobile  Horn  Cord 
Automobile  Lighting  Cablet 
Automobile  Starter  Cables 
Automobile  Charffing  Cables 
Automobile  Ignition  Cables 
Armature  Cous 
Bare  Copper  Wire 
Bare  Copper  Strands 
Copper  Wire,  Bare 
Cambric  Cables 
Fixture  Wire 


Fire  and  Weatherproof  Wire 

Field  Coils 

Lamp  Cord 

Moving  Picture  Cord 

Mining  Machine  Cables 

Magnet,  Wire 

Power  Cable,  Rubber  Insulated 

Power  Cable,  Cambric  Insulated 

Power  Cable,  Paper  Insulated 

Slow  Burning  Wire 

Telephone  Cable,  Paper  Insulation 

Telephone  Cable,  Rubber  Insulation 

Weatherproof  Wire 


JOHN  A.  ROEBLING'S  SONS  COMPANY,  Trenton,  N.  J. 

BRANCHES  i 

N«w  York        Boston       Chicago       PI»lUd«lphU       Pittsburgh        Clovdand 

Atlanta    San  Franclseo     Los  Angolos       Saattia       Portland,  Ora. 


HABIRSHAW 

^Proven  by  the  test  oftizne^' 
Rubber,  Paper  and  Yamished  Cambric 

Insulated   Wire   and    Cable 


THE  high  quality  and  dependability 
of  Habirshaw  is  supplemented  by  the 
economy  and  efficiency  of  Western 
Electric  distribution  service. 


Made  by 

Hahirshaw  Electric 

Cable  Co.,  Inc. 

10  East  43rd  Street 
New  York  City 


Distrihuted  by 

Western  Electric 
Company 

Offices  in  all  Prhtdpai 
Cities 
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D  //  irs  PARANITE  its  Right  c 


DARANITE  Rubber  Covered 
^  Wires  and  Cables  are  made 
to  meet  all  requirements  of  New 
Code  Specifications.  For  Inside, 
Aerial,  Underground  and  Sub- 
marine use.  Telephone,  Tele- 
graph, Electric  Light,  Power 
and  Signal  Wires  and  Cables. 

MANUFACTURED       BY 

INDIANA  RUBBER  AND 
INSULATED    WIRE    CO. 

JONBSBORO,    INDIANA 

Chieago    Braaoh  Ea.tera    Reprcaentative* 

2108..D'.pWn«S.r«,  THOMAS    «    BBTTS  CO. 

63  Veaay  St..  N«w  York.  N.  Y. 


xl 


Digitized  by 


Google 


Duquesne  Light  Co.  laying  ll.OOO-volt  Submarine  Cables  made  by  Standard 
Underground  Cable  Co.  across  Ohio  River  at  Pittsburgh. 

DURABILITY  and  Operating  Economy  consid- 
ered, Standard  Light  and  Power  Cables  are 
cheapest.  They  are  guaranteed  by  37  years  contin- 
uous and  successful  manufacturing  experience. 

Standard  Underground  Cable  Co. 

Pilttbur^h,  Pa. 

Boston  Washington  Detroit  San  Francisco 

New  York  Atlanta  St.  Louis  Seattle 

Philadelphia.  Chicago  Minneapolis  Los  Angeles 

Salt  Lake  City 
For  Canada:    Standard  Underground  Cable  Co.  of  Canada,  Limited.  Hamilton.  Ont. 


Central  Station  finance,  design,  construction,  oper- 
ation and  maintenance — power  plants,  sub-stations, 
transmission  lines,  distribution  systems,,  lighting  and 
power  installations;  engineering,  legal,  commercial 
and  sales  department  considerations  —  all  receive 
their  full  share  of  attention  in  the  columns  of  the 
great  newspaper  of  the  industry — EILECTRICAL 
WORLD.  For  forty-five  years  it  has  been  the 
authority  on  all  matters  electrical  wherever  wires 
run. 

Suhscription  $3,00  a  year  in  the  U,  S. 

Sample  copy  free 

McGRAW.HILL  PUBLISHING  COMPANY.  Inc. 

Tenth  Avenue  at  Thirty-sixth  Street,  New  York 
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fSSt    From. 60  to  .80 

Output  Increased  25% 


O-B  Stmtic  Con 
denmmr  Equip- 
ment. 


THIS  installation  of  G-E  Static  Condenser  Equip- 
ment raised  the  power  factor  from  .60  to  .80, 
making  available  25%  additional  Kw.  capacity. 

As  a  result  of  the  improvement  in  power  factor, 
the  generator  excitation  requirements  were  re- 
duced and  the  voltage*regulation  improved. 

The  condenser  installation  produced  [these  results 
quicker  and  cost  lessjthan  additional  generating 
equipment. 

General       Electric 

Genenl  Office    ^%^^  SdienectadyiKY 

^O:  Jiy 
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NAnONAL 
MAZDA 


The  spirit  of  progress  in  the  electrical  industry  has  made 
possible  the  development  of  the  white  National  MAZDA 
lamp — a  new  guide  post  on  the  way  to  better  light. 

NATIONAL  LAMP  WORKS 

of  General  Electric  Co. 
Nela  Park,    Cleveland,  Ohio 

Each  of  the  labels  below  represents  a  Division  of  the 
National  Lamp  Works  equipped  to  give  a  complete 
lighting  service. 
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The  Majestic  Message 

The  original  Parabola  Type  Heater  that  made  heat  by 
electricity  practical,  economical  and  possible. 

The  Majestic  Heater  created  and  developed  by  the 
Majestic  Electric  Development  Company  that  made  pos- 
sible such  enormous  sales  for  you  in  the  past,  is  improved 
both  in  artistic  and  mechanical  design. 

Some  of  the  Majestic  Heater's  exclusive  features  are 
Double  shell  construction  with  solid  copper  reflector; 
scientific  and  practical  heating  element:  safety  guards 
improved  in  design  and  mechanical  construction,  and 
which  can  be  easily  and  quickly  removed. 

Finished  in  statuary  bronze  and  of  graceful  designs. 

An  appliance  that  you  know  is  easy  to  sell  and  that 
remains  sold.    Approved  by  the  Board  of  Underwriters. 

What  more  can  you  ask  T 

Majestic  Electric  Development  Company 
1705  Allegheny  Ave.,  Philadelphia,  Pa. 

Kansas  City»  Mo.  San  Francisco»  G«l. 
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Day  and 

Zimmermaim 

Inc. 

PHILADELPHIA 

DESIGN  AND 
CONSTRUCTION 
OF  INDUSmiAL 
PLANTS  AND 
PUBLIC  UTILITY      . 
PROPERTIES 

REPORTS 

APPRAISALS 

AUDITS 

MANAGEMENT  OF 
PUBUC  UTILITIES 

1 

Electrical  Review 

THE  OLDEST  ELECTRICAL  WEEKLY 
IN  AMERICA 

Indispensable  to  central  station 
men,  engineers  of  industrial  plants 
and  Other  progressive  men  in  the 
electrical  industry. 

$3.00   PER   YEAR 

Published    by 

INTERNATIONAL    TRADE    PRESS,    Inc. 

Monadnock  Block,  Chicago 

NEW  YORK  DENVER  SEATTLE.  WASH 

HARTFORD.  CONN.  CLEVELAND.  0.  LONDON 
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BATTERIES . 


are  endorsed  by  users  in  every  field  where  the  ap- 
plication of  storage  battery  power  is  a  factor. 

Made  by  the  oldest  and  largest  manufacturer  of  stor- 
age batteries  in  America,  they  are  backed  up  by  thirty- 
one  years  of  specialized  battery  building  experience. 

That  experience  assures  to  the  user  of  an  **]Exibc** 
the  maximum  of  battery  service  at  the  minimum  of 
cost  and  care  required  for  its  upkeep. 

We. have  a  special  type  of  battery  correct  in  size  and 
capacity  for  your  Electric  G)mmercial  Vehicle  and 
Industrial  Truck. 


Batteries  Manufactured  by  This 
Company  Are  Used 

By  Central  Llchtin^  and  Powar  Companias. 
By  Tal«phona  and  Talagraph  Companias  and  for 

WirelaM. 
For  Minlnc  LocomotWaa,  Railway  Car  Lichtinf » 

Switca  and  Slynal  Sanrico,  Battary  Straat 

Cars,  etc 
For  Elactric  Vahlclaa  and  Induatrlal  Trucks. 
For  Automoblla  Starting  and  LIf  htlng. 

Oar  nmarmMi  sa/as  o0icm  will  9mnd 
you  prmetieal  buitrntina  on  rmqumat 


The  Electric  Storage  Battery  Co. 

Tim  OUtai  and  Lartui  Marmfoeiumr  </  Shmf  Balkrkt  in  dm  World 

NewYoik    AtlsnU  DUII  inCT  DUIA    DA        D«trMt  St.LMib 

Bostaa         Wsahngtoo       nXwLMLJKXJmiiif  FA*      Denver       ■    Ssn  Fnneiloo 

Special  Canaiftaa  RepreMntatire 

CHAS.  E.  GOAD  ENGINEERING  CO. 

105  Bond  Stfect,  Toronto  4042  Beknoot  Paik.  Moolfoal 
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STONE  &  WEBSTER 


FINANCE  industrial  and  public  utility  proper- 
ties and  conduct  an  investment  banking 
business. 

DESIGN  steam  power  stations,  hydro-electric 
developments,  transmission  lines,  city 
and  interurban  railways,  e:as  and  chem- 
ical plants,  industrial  plants,  warehouses 
and  buildings. 

CONSTRUCT  either  from  their  own  desif^ns 
or  from  designs  of  other  engineers  or 
architects. 

MANAGE  public  utility  and  industrial  com- 
panies. 

REPORT  on  going  concerns,  proposed  ex- 
tensions and  new  projects. 


NEW  YORK  BOSTON  CHICAGO 

YOUNGSTOWN  PITTSBURGH  DETROIT 

SAN  FRANCISCO  SEATTLE  PARIS 
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Cities  Service  Company 

through  stock  ownership,  controls  84  operating  public  utility  sub- 
sidiaries and  27  oil-producing,  transporting,  refining  and  dis- 
tributing subsidiaries.  Magnitude  of  utility  aild  oil  operations  is 
shown  by  the  following: 

General  Statistics 

CALENDAR  YEAR,  1918 

Total  Population  Served      -      Over  2,500,000 

Oil  and  Refineries 

Barrels  of  Oil  Produced 17,032,693 

Number  of  Oil  Wells  Owned 3,137 

Daily  Refining  Capacity  (Barrels  of  Crude  Oil)  . . .  33,585 

Oil  Storage  Capacity  in  Barrels 6,447,541 

Number  of  Tank  Cars  Owned  and  Leased 2,323 

Number  of  Distributing  Stations  (Excluding  For- 
eign Countries)  165 

Electric  Light  and  Power 

Kilowatt-hours    Sold 513,714,799 

Kilowatts  Installed  C:apacity 268,363 

Kilowatts   Connected    Load 442,333 

Number   of    Customers 169,618 

Population    Served 1,286,000 

Natural  Gas 

Gas  Sold  in  Cubic  Feet 46,814,889,000 

Number  of  Gas  Wells  Owned 2,181 

Miles  of  Gas  Mains  Owned 4,529 

Population   Served 976,985 

Artificial  Gas 

Sales  in  Cubic  Feet 6,112,357,000 

Twenty-four-hour  Capacity  in  Cubic  Feet 18,523,000 

Number  of  Customers 103,041 

Miles  of  Mains  on  3-Inch  Basis 1,748 

Population    Served 1,031,000 

Electric  RailMrays 

Number  of  Passengers  Carried 109,174,092 

Miles  of  Track 407 

Number  of  Cslts  Owned 908 

Population    Served 574,285 

InquirUs  in  Rtlotion  to  Operotiont  and  StcurUits  Art  Solicited 

Bond  Department 

HENRY  L.  DOHERTY  &  COMPANY 

Sixty  WaU  Street,  New  York 
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We  Finance  Extensions 


and 


Improvements 


to  EJectric  Light  and  Power  prop- 
erties which  have  established 
earnings.  If  prevented  from  im- 
proving or  extending  your  plant 
because  no  more  bonds  can  be  issued 
or  sold,  or  for  any  other  reason, 
correspond  with  us. 


Electric  Bond  and  Share  Company 

(Paid-up  Capita]  and  Surplus,  $23,500,000) 
71  Broadway     -    New  York 


Dealers  in  Proven 

Electric  Light  and  Power 

Bonds  and  Stocks 
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The  Babcock  &  Wilcox 

85  liberty  St      CompSmV        ^^^  ^^^^ 


Branch  Offices: 


CHICAGO 

Mar<|u«tt«  Building 
ATLANTA 

CandlM*  BuUdinv 
CLEVELAND 

N«w  Guardian  Building 
SEATTLE 

L.  C.  Smith  Building 
HAVANA.  CUBA 

Calla  d«  A^iar  104 
LOS  ANGELES 

L  N.  Van  Nuya  Building 
CINCINNATI 

Traction  Buildiny 
HOUSTON,  TEXAS 

Southern  Pacific  Buildiny 
SAN  JUAN,  PORTO  RICO 

Royal  Banlc  Building 


BOSTON 

49  Fodaral  Stract 

PHILADELPHIA 

North  American  Building 

SAN  FRANCISCO 
Shaldon  Building 

PITTSBURGH 

Farmors'  Deposit  Banlc  Bldg. 

NEW  ORLEANS 

530  Baronne  Street 

DENVER 

435  Seventeenth  Street 

SALT  LAKE  CITY 

706-6  Keame  BuUding 

TUCSON,  ARIZONA 

Santa  Rita  Hotel  Building 


Manufacturers  of 

Water  Tube 
Steam  Boilers 


Steam 
Superheaters 


Mechanical 
Stokers 


Works:  BARBERTON,  OHIQ-BAYONNE,  N.  J, 
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The  Lamp  and  The  Reflector 


; 

The  two 

together  make 

correct 

industrial 

Ksfatnx 

possible 

Maxda  "C* 
Lamp 


Elliptical  Angle 
Reflector 


However, 

If  co-operation  within  the  industry,  between  all  its 
elements,  the  lamp  company,  Central  Station,  and  the 
manufacturers  had  not  existed,  it  is  possible  to  pre- 
dict that  electric  lighting  would  not  be  as  far  ad- 
vanced as  it  is  today. 

Industrial  Lighting  is  having  its  inning.  Rightly 
handled,  correct  lighting  will  exercise  a  powerful  in- 
fluence upon  lighting  companies;  in  fact,  upon  the 
future  of  all  the  members  of  the  National  Electric 
Light  Association. 

If  any  of  you  would  like  to  know  what  the  Ben- 
jamin Company  is  doing  along  this  line,  address  our 
Illuminating  Engineering  Department,  806  West 
Washington  Boulevard,  Chicago. 

BENJAMIN  ELECTRIC  MFG.  CO. 

Salts  and  Diatnbulion  Qfflcei 

806  West  Washington  Boulevard 

CHICAGO 


«47  W.  17th  Street 
NEW  YORK 


590  Howard  Street 
SAN  FRANCISCO 


The  Benjamin  Electric  Mfg.  Co.  of  Canada,  Ltd. 
Toronto,  Canada 

The  Benjamin  Electric,  Ltd. 
London,  England 
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ALUZ-CHAlMEfi/ 

Milwaukee,  Wis.,  U.  S»  A. 


Iv 


Digitized  by 


Google 


20,000  K.  W.  POWER  STATION 

For  the 

EASTERN  CONNECTICUT  POWER  CO. 

at 

MONTVILLE,  CX)NN. 
ULTIMATE  CAPACITY  100,000  K.  W. 

HARRY  M.  HOPE  ENGINEERING  CO. 

ENOINREI18 
185  DEVONSHIRE  ST.  BOSTON,  MASS. 
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Present  Day  Gmditions  D«nand  the  Strictest  Economy 

FOSTER 
SUPERHEATERS 

Save  fuel  and  steam,  improve  oper- 
ating conditions  and  increase  capacity. 

ESPECIALLY  SUITED  for  BIG  UNITS 
and  HIGH  SUPERHEAT 

In  any   boiler  or   separately   fired 


POWER  SPECIALTY  COMPANY 

111  Broadway,  N»w  York 

CHICAGO  BOSTON  PHILADELPHIA 

PITTSBURG  SAN  FRANCISCO 


DwiGHT  P.  Robinson  and 

Company 

INCORPORATED 

DESIGN            CONSTRUCT            FINANC 

MANAGE 

UTILITIES  —  INDUSTRIALS 

61  BROADWAY 

NEW  YORK 

CLEVELAND                                 CHICAGO 

PITTSBURG       II 

Ivii 


Digitized  by 


Google 


T 


are  manufactured  in  accordance  with  designs 
that  are  the  result  of  twenty-two  years  of 
conscientious  development — of  the  best  obtain- 
able material— by  a  thoroughly  trained  personnel 
engaged  exclusively  in  the  manufacture  of 
better  transformers. 


Moloney  Electric  Co. 

FACTORIES  t 

St.  Louis,  Mo.  Windsor,  Can. 

OFFICES  I 

New  York  Pittalrargh  Chicago  RoehMter  Sjrmenam 

Minneiipolis  Sak  Lake  City  Saa  FraiiciMM>  Los  Augele*  Seattle 


Practical    Service 

^■KhE    ley    organization    is  equipped  to 

fl  1 1       ^^^  complete  service  in  connection  with  build- 

m^^^  ing   operations.      Our  service   is  based   on   a 

broad  foundation  of  business  experience  and 

seasoned  judgment,  combined  with  technical  skill. 

If  you  have  in  prospect  a  new  construction  project  of 
any  kind,  we  should  like  to  tell  you  what  the  Ley 
organization  can  do  for  you. 


Fred  T.  Ley  &  Co.,  Inc. 

GENERAL  CONTRACTORS 

N«w  York  Sprincfi«ld»  Mass.  Boston 

Philadolphia  BuflFalo 
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OIL  CIRCUIT  BREAKERS 

DISCONNECTING  SWITCHES 

POLETOP  SWITCHES 

UGHTNING  ARRESTERS 


m 


PACIFIC  ELECTRIC  MANUFACTURING  CO. 

SAN  FRANCISCO,  CALIFORNIA 

NEW  YORK  SEATTLE  LOS  ANGELES  BIRMINGHAM 


I  from  Concealed  Soui 
It* 8  All  in  the  X-Ray  Reflector 

NATIONAL  X-RAY  REFLECTOR  COMPANY 

NEW  YORK  CHICAGO  SAN  FRANCISCO 


POLES 


NATIONAL  POLE  CO. 

Northern  White  Cedar 
Western  Red  Cedar 


A.  E.  L.  A.  Standard 

OFFICES: 

Escanaba.  Michigan 

220  Broadway  Trki«yrirk  €\\%w%  Rlalto  BuUdlns 

New  York  Toledo,  Ohio  3,^^  Franctoco 

Spokane,  Washinston 


NELA  RATE  BOOK 

AND  SUPPLEMENTS 

G>vering  Cities  of  25,000  Popularion  and  Over 
Corrected  Quarterly 
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